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PREFACE 

The purpose of this book is to offer its readers a thor- 
oughly adequate and up-to-date view of the essentials of 
nutrition. 

We hope that it will be found useful both to those who do 
and those who do not expect to proceed later to a more 
detailed, professional study of nutrition and dietetics. 

Special care has been given to the mode of dealing 
with such terms as nutrition uses in common with other 
sciences, and such as are just now in course of becoming 
everyday words. Recognizing that the effectiveness of the 
text depends largely upon freedom from interruption by 
formal definitions, we have sought rather to introduce each 
scientific term only as its employment becomes clearly useful, 
and then functionally. For cases in which more dictionary- 
like definitions may also be useful a glossary is provided in 
Appendix G. 

It is realized that at present the teaching of nutrition, like 
the scientific subject matter itself, is in a rapidly developing 
stage. It is hoped that this text will contribute to this de- 
velopment, and that its use will enable the teacher more 
readily to meet the demands of the growth of fundamental 
scientific knowledge of nutrition within the time-limits of the 
non-technical course. 

The present approach to the facts and principles of the 
science of nutrition is mainly through the relations of food 
to health and efficiency. Chief prominence is given to the 
case of the normal young person such as the majority of the 
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readers of this lx>ok will presumably be; though the conclud- 
ing chapters take up also the problems of food for family 
groups, and of making nutritional knowledge more widely 
effective. ]\Iost of the Exercises at the ends of the chapters 
are, like the text itself, put in terms of the student’s own 
experience and objectives. The Exercises and Suggested 
Readings are to be regarded as entirely optional. In many 
courses, no doubt, actual laboratory work will be provided 
instead. One of our main objects is to provide a textbook 
which leaves the teacher entirely free to design the accom- 
panying laboratory work, or collateral reading, or both, in 
accordance with the circumstances and purposes of the par- 
ticular course. The sequence of topics is also readily adjust- 
able. 

The subject matter of the text begins with an introductory 
chapter which is intended to indicate both the position of the 
present-day science of nutrition and its constructive aims. 
For many, such an advance indication of the far-reaching 
significance of our newest knowledge of nutrition increases 
the interest and effectiveness of the study. Those, however, 
who prefer to omit or postpone such evaluation will find it 
entirely feasible to make a logical beginning with the second 
or even with the third or fourth chapter. 

Then follows the central body of the topical subject mat- 
ter, treated in the order which most teachers prefer: (1) the 
energy aspects of nutrition, (2) the proteins and their amino 
adds, (3) the mineral elements, and (4) the vitamins. 

This is generally found the most satisfactorily teachable 
sequence from the viewpoint of the interrelationships of the 
topics. It has also another important advantage. To a note- 
worthy extent it corresponds with the chronological sequence 
in which the main aspects of the present-day science of nutri- 
tion have developed. Thus we study first the parts of our 
subject which have had longest in which to take definite 
shape and whidi can therefore be presented most simply and 
t<x>ncisely . After this we are better prepared for the somewhat 
more detailed treatment which the newer subject matter of 
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the vitamins requires if its study is to be of equal scientific 
soundness. Some of the most recent advances of knowledge in 
the vitamin field are so important, in the light which they 
throw upon everyday nutritional problems, that the some- 
what fuller mode of exposition here finds a practical reward 
as well as a teaching reason. 

The chapters on vitamins are so written that they may be 
studied in any sequence desired. The order followed in this 
text is the one which to us seems, in the present state of 
knowledge, best adapted to effective teaching. As a further 
aid to interest, the arrangement within each chapter is de- 
termined by the merits of its own subject matter in prefer- 
ence to the rigid following of a fixed form. If desired, chapters 
XIV and XVII may be omitted without loss to the under- 
standing of the other chapters. 

The last four chapters are extensions of nutrition study 
into broader fields. Any of them can be omitted, without im- 
pairing the scientific coherence of the body of the book, when 
adaptation to a shorter course is desired or the teacher pre- 
fers to develop some other line of application. 

The tables in the body of the text are kept short for com- 
fortable reading. Data of food values thus used , to illustrate 
or to amplify some particular chapter, are taken as typical 
from among the much more numerous data tabulated in the 
Appendix. These tabulations, and particularly the quantita- 
tive data for vitamin values of foods, represent the results of 
a very extended and painstaking study of all the evidence 
available to the authors up to the end of February 1940. 

For the privilege of using unpublished data in drawing 
our deductions, for the use of illustrative materials, and for 
guidance in other ways, we are indebted to many scientific 
friends among whom certainly specific acknowledgment is 
due to Drs. E. L. Batchelder, F. G. Benedict, L. E. Booher, 
C. A. Browne, H. L. Campbell, T. M. Carpenter, E. F. 
DuBois, Martha Eliot, C. J. Fcirmer, E. C. Kendall, C. G. 
King, H. E. Munsell, John B. Nichols, and M. S. Rose. 
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Chapter I 


THE NUTRmONAL IMPROVEMENT OF LIFE 

Students now enter American colleges taller and yet 
younger than were their parents and other predecessors when 
they entered the same colleges thirty years ago. This is shown 
consistently by all the available records, and is true of both 
boys and girls. There has not been any known change in pro- 
portions of racial stocks which could account for the dif- 
ferences. The explanation is to be found not in inheritance 
in the biological sense but in a social inheritance, — the in- 
crease of scientific knowledge and its use in the betterment 
of conditions of living. 

Prominent among the advances in knowledge of life and 
health and resulting improvement of ways of living has been 
the development of the science of nutrition and its influence 
upon the daily choice and use of food. 

A generation ago, all the more abundant constituents of 
food were sufficiently known to chemists so that one might 
analyze a food with as much accuracy as a rock or a soil, 
yet one could not successfully nourish himself or an experi- 
mental animal with a mixture of the food constituents which 
analysis revealed . 

Professor (now Sir) Frederick Gowland Hopkins of Cam- 
bridge University reported briefly in 1906 and fully in 1912 
his experiments which made clear to students of normal 
nutrition that there must exist in certain foods some sub- 
stance or substances not previously known, but essential to 
the nutritional process. He showed that laboratory animals 
soon ceased to thrive on mixtures of purified proteins, fats, 
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carbohydrates, and salts even when these were selected aind 
proportioned in the light of all available knowledge; but that 
the addition of a small amount of milk, fresh or dried, or of 
the alcohol-extract of dried milk or of certain vegetables 
(but not the ashes of such foods or extracts) made the diet 

adequate . Figures 1 and 2 show 
graphically the results of typi- 
cal experiments. Those experi- 
ments showed that some 
unidentified alcohol-soluble or- 
ganic substance or substances 
must function in normal nutri- 
tion. We now know that there 
are several such substances, 
some soluble in water and 
others in fat. Individually, they 
will be studied in Chapters XI- 
XVII. In the present discus- 
sion we are concerned with the 
° Daysoffxperimenf^ general relation of this discov- 

- , - f . - ery and its sequel to the 

riG. 1. Growth curves of rats in . ... 

early experiments of Sir Frederick Significance of nutntlOn aS a 

Gowland Hopkins. The lower curve factor in our understanding of 
repcesents the average body weight of j • i. • •/- 

a group of rats after varying intervals nature and in the Scientific 

an artificial diet of highly purified management of OUr OWU lives. 
foodstuffs. The upper curve shows t' j- r . i 

thegrowthofaninitiallysimilargroup dlSCOVery of these 

of rats receiving 2 cc. of milk each per substances, — ^tentatively Called 
day in addition to the artifidal diet. ^ 

iCourtesy of Sir F.Govdand Hopkins.) ^t^f^^hns and beginning to be 

known by more distinctive 
individual names, — ^has proven to be only the first step in a 
very far-reaching scientific development of great importance 
to the improvement of life. 

Modem science constantly strives to make itself more and 
more exact. So as soon as the existence of ^Vitamins” was 
discovered, even without waiting for their complete chemical 
identification, studies were begun upon such quantitative 
questions as: (1) the relative abundance of a given vitamin 
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in different kinds of food; (2) the amounts needed in nutri- 
tion; and (3) the more ambitious question, how much of 
each gives the best results, i.e.y what is the level of optimal 
as distinguished from merely adequate nutritional intake. 

Our present-day realization of the importance of this latter 
problem is a development of much greater significance than 
is yet generally understood. 



Dai^s of Experiment 


Fig. 2 . Growth curves of rats in early experiments of 
Sir Frederick Gowland Hopkins. The lower cur^'-e repre- 
sents the growth of rats receiving (up to the 18th day of 
the experiment) only the purified diet; the upper curve, 
similar rats having (up to the 18th day) 3 cc. of milk each 
per day in addition to this food. From the 18th day of the 
experiment, marked by the vertical dotted line, the milk 
was transferred from the latter set of animals to the 
former. {Courtesy of Sir F. Goviland Hopkins.) 

While this fact was revealed largely through experiments 
which grew out of the investigation of the newly-discovered 
vitamins, it is equally true of some of the mineral elements 
which have long been recognized as -essential to nutrition 
but whose far-reaching potentialities have but recently been 
brought fully to light. (For example, the work with different 
levels of calcium intake, noted in Chapter VIII.) 

The rapid sequence of such discoveries has been in great 
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measure due to the increasing use of laboratory animals as 
instruments and reagents of nutritional research. By use of 
a species whose nutritional chemistry is closely similar to 
ours and which runs much more rapidly than we do through 
its growth and development and the subsequent events of its 
life history, science can now study the relations between 
food intake, nutritional responses, and resulting health, much 
more comprehensively than had previously been possible. 

For alx)ut twenty years iMcCollum has taught that there 
may be important differences between the merely adequate 
and the optimal in nutrition. And J . F. Williams , in his teach- 
ing of personal hygiene, has emphasized that health may and 
should mean not merely freedom from disease but rather a 
positive quality of life, and that there are degrees of this 
positive health; though even recently he remarked that this 
view had not yet found wide acceptance. That acceptance of 
this view of health is now rapidly spreading, or, as the 
Journal of the American Medical Association has editorially 
phrased it, “that the difference between buoyant health and 
merely passable health is coming to be more appreciated, 
is doubtless largely due to the objective and quantitative 
nature of present-day nutritional research. For this gives to 
its findings an impersonal convincingness which advances 
the principle of the nutritional improvability of the normal 
out of the realm of opinion into that of established physio- 
logical fact. Such nutritional improvement of already-normal 
health has been shown at every stage of the life cycle with 
statistical convincingness and conclusiveness of a very much 
higher order than science considers necessary to establish a 
physiological fact as “undoubted.’' 

Thus notwithstanding individual (physiological) variabil- 
ity, the well-controlled colony of experimental animals, from 
which large numbers of strictly comparable individuals of 
known hereditary and nutritional antecedents can be drawn, 
becomes an instrument of research such as has never existed 
before. By the use of this instrument, higher precision and 
deeper insight both become possible; and these in turn are 
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revealing an essentially new concept of the influence of nutri- 
tion. 

To maJce this clear and definite, let us glance at some recent 
and current work at Columbia University where there is 
maintained for research of this kind a colony of laboratory- 
bred experimental rats in which the hereditary^' and nutri- 
tional background of each individual is known for so many 
generations as to correspond with a human population whose 
food supply had been known , whose blood had been unmixed , 
and whose family trees could be traced in all their branches, 
for well over 1000 years. With such a colony to draw upon, 
strictly parallel test groups can be placed simultaneously 
upon the different dietaries which it is desired to compare. 

In all such controlled research, we plan to introduce only 
one variable at a time. In nutritional problems of the sort 
which we are considering, the experimental variables are of 
two kinds: (1) individual chemical factors, elements or com- 
pounds as the case may be; and (2) the actual articles of food 
which nature and agriculture produce and which people ob- 
tain and consume. 

In a case of the latter type, a certain basal Diet A showed 
itself adequate under the severe test of maintaining fully 
normal health with successful reproduction and rearing of 
young, generation after generation; yet when the proportion 
of milk in this food supply was doubled the resulting Diet B 
was better in that it induced a more buoyant health, or built 
the already-normal health to a higher level. 

Wdiether at this higher level the actual optimum’ has been 
reached, or whether that is higher still, remains to be de- 
termined; but the measured differences in well-being, be- 
tween the adequately nourished families on Diet A and their 
cousins who received the still more scientifically balanced 
Diet B, show clearly and conclusively that our knowledge of 
nutrition is now entering a new era in which it can (and 
doubtless will) play a larger part in the attainment of a 
higher general level of health and efficiency than has hitherto 
been thought possible. 
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In the investigation just mentioned, the only experimental 
variable was the proportion in which the natural foods enter- 
ed into the diet; but the increased proportion of milk when 
translated into chemical terms meant major enrichments of 
the diet in the three chemical factors calcium, vitamin A, 
and riboflavin which Ave shall study indhddually in Chapters 
VIII, XIII, and XV. New series of experiments were there- 
fore begun with calcium, vitamin A, and riboflavin, respec- 
tively, each studied independently and at successively in- 
creased levels of intake. 

Here it is being found that calcium, vitamin A, and ribo- 
flavin each is capable of conferring successively increased 
benefit at successively higher levels of intake through an un- 
expectedly wide range. Hitherto, it has been the accepted 
yiew (sometimes even expounded as a fundamental economic 
principle) that one cannot advantageously consume much 
more food than one actually needs; in other words that, in 
the case of food, the level of minimal adequacy is very nearly 
the optimal level of consumption. This now proves to have 
been an oA'Crsimplified view. A more discriminating state- 
ment is needed. Of total food as measured in calories a very 
small surplus above actual need does suffice to bring us to 
the optimal level of intake of this nutritional factor. And 
probably of many other factors the optimal level is only 
moderately higher than that of minimal adequacy, perhaps 
around fifty per cent higher as is rommonly assumed for 
protein and for phosphoms in the teaching of dietetics. But 
for some factom we now find that the beneficial margins are 
much higher than thus. 

This finding, with its consequences which we shall later 
study more fully, has such far-reaching significance that 
some have inclined to call it ‘‘a new principle of liberality in 
dietetics* but it should not be confused with a merely open- 
handed attitude. The principle is one of scientific iiscriminor^ 
tiom. What is true of calcium is Twt to be assumed to be true 
of other mineral elements; and what is true of vitamin A 
and riboflavin is not to be assumed to be true for other 
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vitamins. These three factors were not taken si candom for 
the investigation above mentioned. They were investigated 
because the results of a previous investigation pointed 
directly and specifically to them as probable keys to the fuller 
understanding of a newly discovered nutritional unprovabil- 
ity of an already-normal condition or level of health. 

Undoubtedly, hitherto, if we have appreciated the reality 
of degrees of positive health, we have been too fatalistic in 
our attitude toward it, attributing the superior vitality which 
some people enjoy too largely to their luck in being bom 
with good constitutions and too little to their intelligent 
habits of life. 

Lately, it is becoming increasingly clear that, however 
important the inherited constitution, there is yet a very 
great opportunity open to each of us to provide through sane 
daily living, and notably through intelligent food habits, fdt 
such a favorable internal environment* as shall permit our 
native endowments to develop and function to the best 
advantage. 

Hopkins, speaking in the most conservative terms as 
President of the Royal Society, has recently said that “nur- 
ture can assist nature to a larger extent” than the passing 
generation has thought. 

That differences which are really nutritional have doubt- 
less sometimes been attributed to racial factors was em- 
phasized by Hopkins in the leading article of the then newly 
established Nutrition Abstracts and Reviews in 1931. A com- 
munity, he explains, may be found in equilibrium with an 
environment which includes its food supply, and the fact of 
such equilibrium has hitherto been taken as evidence that 
the environment supplies everything needed. Hence any in- 
feriority was taken to be racial, whereas actually a racial 
potentiality of higher development may become manifest 
with an improvement in the food. 

This is illustrated in the fact, repeatedly emphasized by 
Boas, that in immigrant families supposedly representing 


♦See Glofisary (Appendix G). 
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physically inferior racial stocks the children and grand- 
children approach the typical American physique with sur- 
prising rapidity when living under American conditions. 

And that physique is only the most obvious and not 
necessarily the most important of the gains to be expected is 
illustrated by Dr. AIcLester’s statement in an official ad- 
dress as President of the American Medical Association: that 
science now offers, to those who will use the newer knowledge 
of nutrition, greater vigor “and a higher level of cultural 
attainment."’ 

Thus we are no'w in a new era of nutritional knowledge, 
in which this knowledge serves the improvement of life in 
two ways: (1) correctively, in the cure and prevention of 
deficiency diseases and of the less well recognized states of 
nutritional shortage or subnormality; and (2) constmctively, 
in the improvement of already-normal health. 

We can now see that the teaching of science has until 
recently assumed the normal internal chemistry of each 
species to be somewhat more rigidly specific than it really is. 
The newer knowledge of nutrition shows us, among other 
things, how our daily choice of food influences that internal 
environment of the body which directly environs and con- 
ditions the life process. And the new knowledge has brought 
a really new view. 

For hitherto, while we included nutrition among environ- 
mental factom by definition, yet when we actually thought 
about environment it was chiefly to think about our sur- 
roundings. As we come to realize how significantly our daily 
choice and use of food influences that more important en- 
vironment which we carry within our own bodies, we see 
that we ourselves have a much larger measure of ability to 
improve the life process than science has hitherto thought. 

The chapters which follow will seek to make clear the 
essentials both of the facts of our present-day nutritional 
knowledge and of the functioning of this knowledge in the 
guidance of daily food habits and the attainment of higher 
tesdth. 
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1. Record your present height, weight, and age (dating and 
signing the record). Note also the age, and (if you know them 
correctly) the height and weight at which you entered college. 
How do your height and weight compare with the normal aver- 
age or standard for your age? Is your build average or slender 
(linear) , or stocky (lateral) ? 

2. Make an accurate record of the kinds of food and beverage 
and the amount of each which you consume (a) in a 24-hour day; 
(b) in each of 7 consecutive days. 

3. Check the foregoing record against the accompanying U. S. 
Department of Agriculture Card , or such other guide as may be 
selected. The writers have here chosen, for reasons more fully 
explained beyond, a card designed primarily for young people. 

Checking Card of 

UNITED STATES DEPARTMENT OF AGRICULTURE 
EXTFKSION SFRYTCF 
DIVISION OF COOPERATIVE EXTENSION 
(Adapted) 

Check Your Meals Daily for These Foods: 

Milk 1)4. pints to 1 quart 

Butter 1 to 3 servings 

Fruits and vegetables 4 to 5 servings 

(interchangeable to some extent) 

A good balance is: 

1 seiving potato 

1 serving citrus fruit, tomatoes, or raw cabbage 

1 serving green or yellow vegetable 

2 additional servings — fruits or vegetables 
(emphasize green and yellow kinds) 


Whole-grain bread or cereals 1 to 2 servings 

Eggs, meat, fish, cheese, dried beans, or peas 2 servings 

(select tvv'o different kinds) 

Total liquids (water, milk, soup, fruit juices and other 

beverages) 2 quarts or more 


Cod-liver oil 1 teaspoon 

(a fine supplement in winter or when you cannot 
affolrd plenty of whole milk, butter, eggs, and 
green-colored vegetables) 


With the above, use additional bread and cereals and moderate amounts 
of sweets and fats to make up sufficient food energy (total calories). 
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(Remember that the somewhat conventional use of any such 
“score card” would lose much of its convenience if it were subject 
to frequent change; and that, therefore, it can not be expected 
to reflect precisely the most up-to-date knowledge, and its im- 
plied judgments need not be regarded as final. Perhaps you may 
find reason to modify some of them as a result of your study of 
nutrition. Nevertheless its use may be helpful to thinking and 
discussion.) 
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Chapter II 


THE MORE ABUNDANT NUTRIENTS IN FOODS 

The food as a whole nourishes the body in three ways: 

(1) it supplies the body-fuels, the substances whose burning 
(oxidation) in the body supplies the energy for its activities; 

(2) it provides the materials for the building and upkeep 
of the body tissues; and 

(3) it furnishes the substances by means of which the con- 
ditions and processes in the body are regulated, or the precur* 
sors from which the body makes its regulatory substances. 

A nutrient is a substance which takes part in a nutritive 
function of any of these three kinds. Some nutrients function 
in more than one of these ways. Strictly speaking, air and 
water are nutrients*'; but more commonly the body's supplies 
of air and water are treated rather as parts of the study of 
physiology and hygiene, while the study of nutrition takes 
them for granted and concentrates its attention upon the 
food supply and the fate and functions of the foodstuffs 
(nutrients) in the body. 

An individual food may serve one, or two, or all, of the 
three types of function above mentioned according to the 
nutrient or nutrients which it contains. 

This brief indication of functions will probably serve better 
to introduce the study of the nutrients, than would a set of 
formal definitions. It may, perhaps, be worth while to note 
at this point that the literature of nutrition uses the term 

*Some of the early observations upon the essential function of air and the 
significaace of respiration as related to nutrition are interestingly described in 
3 to 13 of Foundations of Nfdrition^ Third Edition, by M . S. Rose. 
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“foodstuffs” in tvvo senses. Some writers follow popular usage 
in making no distinction between “foodstuffs” and “foods,” 
meaning in both cases articles of food, or food commodities. 
Others use foodstuffs rather as a scientific term to mean the 
“stuffs” in the sense of the constituent substances of which 
foods are composed . "Viffien used in this latter sense, the word 
foodstuff becomes practically interchangeable with the word 
nutrient. 

Because of their many important interrelations, the nutri- 
ents cannot be rigidly classified according to which of the 
three main types of nutritive function they serve. This will 
become clearer as subsequent chapters are studied. The 
present chapter relates chiefly to the nutrients which hulk 
largest in the food as a whole. 

As we saw in the preceding chapter, the vitamins which 
play such a prominent part in recent discussions of food and 
nutrition are concerned in such very small amounts as for a 
long time to have been missed in the quantitative accounting 
for the composition of foods. The longer-known constituents 
of foods are proteins, fats, carbohydrates, organic adds, 
inorganic salts or mineral elements, and water. 

Typical examples of these constituents of foods may be 
illustrated in observations readily made upon milk, the one 
thing whose sole function in nature is to serve as food . As 
one receives a bottle of milk from the dealer, a partial separa- 
tion of its constituents is usually already visible in the 
presence of a cream layer, due to the fact that the globules 
oijat which the milk contains, being lighter than the watery 
medium in which they float, are rising to the top. The fat 
of the milk may be removed by skimming-off the cream, or 
more quickly by means of a centrifugal separator, leaving 
the skimmed milk. Either whole or skimmed milk when 
treated with rennet or when simply allowed to sour curdles, 
the curd being due essentially to casein, the characteristic 
protein of milk. CThis and other proteins will be studied briefly 
later in this ch^ter, and more fully in Chapter VI.) 
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AVhea the fat and the curd have been removed from rcHlk 
the remaining whey if concentrated and allowed to stand 
yields cry^stals of milk sugar, which belongs, like the other 
sugars and the starches, to the group of substances called 
carbohydrates. 

If whey residue, or if the original milk, be dried and burned 
there remains a mixture of mineral matters, — the ash. In 
addition to water and (other*) mineral matters, protein, fat, 
and carbohydrate, milk contains citric acid, typical of the 
organic acids and most readily recognized in the citrus fruits; 
and soured milk contains lactic acid, the most familiar of 
those organic acids whose presence in foods is chiefly due to 
fermentation of one kind or another. 

The vitamins, while of great importance to the nutritive 
value of the diet, constitute as we have seen such an elusively 
small fraction of the weight of any food that they are usually 
treated separately from the general discussions of the food- 
stuffs. Often, too, all minor constituents are either ignored 
or counted with the proteins, fats, or carbohyrates, which- 
ever they most resemble. 

In what follows in this chapter we consider these three 
groups in the order carbohydrates, fats, and proteins as be- 
ing, on the vrhole, the most logical progression from the 
simpler to the more complex. 

CARBOHYDRATES 

Sugars and starches, with a few related substances, are 
grouped under the name carbohydrates. This group name 
was suggested by the fact that these substances are composed 
of carbon, hydrogen, and oxygen, and that the hydrogen and 
oxygen are here in the same quantitative relation to each 
other as in water. Of special interest to the student of nutri- 
tion are the relationships between members of the three 
subdivisions of the carbohydrates as illustrated in the 
sections which follow. 


♦The science erf mineralogy daims water as a miaeral- 
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Monosaccharides 

The simplest of the caxbohydrates, and the ultimate car- 
bohydrate-units into which the more complex carbohydrates 
can be broken (as by digestion) are called monosaccharides. 
The significance of "'mono'' in the name is to emphasize their 
simplicity or "single-sugar-ness'’ of chemical nature (as con- 
trasted with the disaccharides and polysaccharides to be 
mentioned below). Glucose, fructose, and galactose are the 
three monosaccharides of most importance in nutrition. 

Glucose (also called dextrose, grape sugar, com sugar, 
starch sugar) is widely distributed in nature, occurring in 
small amounts in the blood of all animals, and much more 
abundantly in many fruits and plant juices. It is especially 
abundant in grapes, of which it often constitutes 20 per cent 
of the total weight or more than half of the solid matter. 
Sweet com, onions, and unripe potatoes are among the 
common vegetables containing considerable amounts of 
glucose. Pure dextrose made from cornstarch is now largely 
marketed as com sugar; and it has been announced that so 
far as practicable com sugar and cane sugar will receive 
equal treatment in the administration of the Federal Food 
Law. 

Fructose (levulose, fruit sugar) occurs with glucose in plant 
juices, in fruits, and especially in honey, where it makes up 
about one-half of the solid matter. It is formed, along with 
an equal weight of glucose, when ordinary cane or beet sugar 
is digested. 

Galdctose is important because it is formed, along with an 
equal weight of glucose, when milk sugar is digested. 

Disoccharldes 

The name disaccharide implies a substance each molecule 
of which can be broken down into two monosaccharide 
(simple sugar) molecules. The three nutritionally important 
members of this group of carbohydrates are sucrose (cane 
or beet sugar) , lactc^ (milk sugar) , and maltose (malt sugar) , 
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Sucrose (saccharose, cane sugar), which upon digestion 
gives one molecule of glucose and one of fructose, is present 
in considerable quantity in the fruits and juices of many 
plants. The commercial sources of sucrose are the sugar beet, 
the sugar and sorghum canes, the sugar palm, and the sugar 
maple; but many of the common fruits and vegetables con- 
tain notable amounts. For example, sucrose is said to con- 
stitute at least half the solid matter of pineapples and of 
some roots, such as carrots. 

The per capita consumption of the practically pure cane 
sugar of commerce increased rapidly for a century in the 
United States (Fig. 3) until now it is estimated that on the 



Fig. 3. Trend of the annual per capita consumption of refined 
sugar in the United States from 1825 to 1925. 

a\erage about one-seventh of our food calories are derived 
from this source. The question whether it is wise to take so 
much of a food which contributes none of the nutritionally 
important protein , mineral elements , and vitamins , may more 
profitably be discussed after the study of Chapters VI to XV. 

Lactase (milk sugar) occurs in the milk of all mammals, 
usually constituting 6 to 7 per cent of human milk and 4.5 
to 5 per cent of cows’ and goats’ milk. When digested it 
yields glucose and galactose in equal proportions. 

Because lactose is regarded by some phyridans and bac- 
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teriologists as markedly beneficial in maintaining a desirable 
state of the lower intestinal tract, many persons make a 
special effort to secure a liberal intake of this sugar, either 
through generous use of milk or by addition to their diet of 
pure lactose. As yet, the consumption of lactose in this coun- 
try' is far less than the amount which its dair^^ industry could 
very readily supply. The sweeter, more soluble form of this 
sugar is known as beta-lactose. 

Maltose (malt sugar) occurs in germinating cereals, malt, 
and malt products. It also appears as an intermediate product 
when starch is digested in the body. Maltose, whether eaten 
as such or formed in the course of digestion, is not absorbed 
to any important extent, but is further broken down in the 
digestive tract, each molecule of maltose yielding two mole- 
cules of glucose. 

Polysaccharides 

Complex carbohydrates, each molecule of which represents 
many molecules of monosaccharide, are called polysaccha- 
rides. Starch, thedextrins, glycogen (^^animal starch’’), cellu- 
lose, and the hemicelluloses, are the only members of this 
group which need be mentioned here. 

Starch (whose ultimate digestion-product is glucose) is the 
form in which plants store the largest part of their reserve 
carbohydrate material, and is of great importance as a con- 
stituent of many natural foods. It occurs in the seeds, roots, 
tubers, bulbs, and to some extent in the stems and leaves of 
plants. It constitutes one-half to three- fourths of the solid 
matter of the ordinary cereal grains and at least three- fourths 
of the solids of mature potatoes. Unripe apples and bananas 
contain much starch which is to a large extent changed into 
sugars as these fmits ripen; while, on the other hand , young 
tender com (maize) kernels and peas contain sugar which is 
transformed into starch as these seeds mature. 

Starch granules of some t 3 rpical plants are shown in Fig, 4. 

Each molecule of starch contains many glucose units. 
Starches contain in addition a minute proportion of non- 
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carbohydrate acid radicles, sometimes of fatty acid and some- 
times containing phosphorus. 

Starch granules are insoluble in cold water and apparently 
little affected by it; on warming, however, they absorb water 
and swell, passing eventually into a sort of semi-solution, 
and in this state they are \ery much more easily digested 
than is raw starch. 

In digestion, the starch of the food is changed into smaller 
polysaccharides, the dextrins, and these into the disaccharide 
maltose. Since, as already indicated, maltose is further 
digested into glucose, it is as glucose that the large quantities 
of carbohydrates eaten in the form of starch become a\’ail- 
able to the body. 



Potato Wheat Com 

Fig. 4. Granules of starches prepared from potatoes, wheat, and 
com. In each case, the granules are magnified about 300 diameters. 


Glycogen is very similar in chemical composition to starch, 
and as it plays in some respects much the same r 61 e in animals 
which starch plays in plants, it is sometimes called animal 
starch. It occurs in many parts of the animal body, pre- 
dominantly in the liver and the muscles. 

Cellulose is familiar as a woody or fibrous material oc- 
curring in the cell walls of all vegetable tissues. It is a poly- 
saccharide of glucose, more resistant than starch, and is 
only softened by cooking prcScesses. 

The hemicellidoses are polysaccharides which botanically 
resemble cellulose in belonging to the walls rather than to 
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the contents of plant cells. Chemically, they are not so well 
defined as cellulose, and hemicelluloses from various sources 
have been reported to yield on hydrolysis different mono- 
saccharides or mixtures of monosaccharides. 

Undigested cellulose and hemicelluloses give bulk to the 
intestinal residue, and this has some effect upon its regular 
movement. It is well to remember that individuals vary as 
to what constitutes sufficient bulk without too much rough- 
age; and also that not only indigestible matter but fruits or 
their juices as well may be efficient in promoting intestinal 
regularity. 

FATS AND LIPOIDS 

The Nature and Scientific Significance of the Fats 

Fats are composed of the same three chemical elements 
as cu-e the carbohydrates, namely, carbon, hydrogen, and 
oxygen. 

The true fats are chemically triglycerides, i.e., the mole- 
cule of fat yields on digestion one glycerol and three fatty 
acid molecules. 

The names applied to the individual fats generally indicate 
their fatty add composition; as for example, tristearin, which 
contains three stearic acid radicles; oho-dipalmitin, which 
contains one oleic and two palmitic add radicles; stearo-oleo- 
palmitin, which has one radicle each of stearic, oleic, and 
palmitic adds. 

The three fatty adds just named are the ones which occur 
most abundantly in food fats generally. Others are more 
characteristic of particular fats, e.g., the butyric add of 
butter. 

A number of the fatty adds are listed with their chemical 
formulae in the Appendix at the back of this book. 

The fatty adds (which make up very much the largest 
part of the weight of any fat) have higher percentages of 
carbon and hydrogen and lower percentages of oxygen 
than do the carbohydrates, so that fats constitute much the 
mere ctmcraitrated form of fud. 
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Typical fats are not soluble in water but can be dissolved 
in a “fat solvent” such as ether, “petroleum ether,” or 
chloroform. In the preparation of food fats, however, solvents 
are rarely used. Butter is, of course, obtained by churning; 
and most other fats are “rendered” either by pressing the 
fat out of the tissue, or by melting the fat and removing the 
residual tissue by settling or straining, or both. 

The common commercial food fats have a wide variety of 
origins: butter from milk; lard, suet, and some margarines 
from meat fats; com oil (maize oil) from the embryo of a 
cereal grain; peanut (arachis) and soybean oil from the 
seeds of leguminous plants; coconut oil, palm oil, and palm 
kernel oil from the seeds of palms; cottonseed and sesame oils 
from the seeds of other plants; olive oil from the flesh of a 
fruit. 

While Italian cookery prefers olive oil as its chief fat, 
American households tend to follow the English, French, 
and Germctn tradition of using butter as freely- as income 
allows, with lard or a “lard substitute” as next choice, mean- 
ing by lard substitute a fat mixture or preparation of essen- 
tially the same plasticity ^lnd melting point as lard. Thus 
cottonseed oil as such finds relatively slight use in the Ameri- 
can kitchen; but hydrogenated to the consistency of lard it 
finds a large sale as a cooking fat. 

Liquid fats and those which melt at our body temperature 
are somewhat more readily and completely digested than 
those which are much harder. 

As butter substitutes, in order to be acceptable to the ccm- 
suming public, must have about the same consistency and 
melting point as butter, they are apt to have nearly the same 
digestibility. For the same reason, there is not apt to be any 
important difference in digestibility between lard and com- 
mercial lard substitutes. Fats in general tend, however, to 
slow down the digestive process; and the more so the greater 
the proportion of fat in the food as a whole. 

Problems of fat supply, which became acute in the first 
World War and have continued to receive attention since. 
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have led to a broadening of attitude of the consuming public 
toward food fats. Refined cottonseed oil, whether as such or 
hydrogenated to the consistency of a plastic fat like lard , has 
come to have a much more unquestioned place in the food 
supply than formerly; maize oil has grown rapidly in ac- 
ceptance as a human food; and recently there has been de- 
scribed the preparation from Georgia pecans of a commer- 
cially practicable refined edible oil comparable with olive oil. 

Certain highly unsaturated fatty acids, such as linoleic and 
iinolenic (or fats containing them), seem to be a nutritionally 
essential part of the diet. The quantity which the food must fur- 
nish evidently need not be large; and thus far the tendency has 
been to assume that ordinary everyday dietaries will supply this 
need without our giving it any thought. This attitude may, per- 
haps, need some modificathm in view of recent observations con- 
necting this nutritional factor with that known as vitamin Bg, as 
will be explained in Chapter XIV. 

Fot-like and Fat-soluble Substances 

Fats are usually accompanied by lipoids: fat-like substances 
soluble either in fat solvents or in the fat itself. Some of these, 
including the lecithins, are closely related to fats in their chemical 
nature; others, such as the sterols, are ^fat-like” rather in their 
physical properties than in their chemical natures. We shall meet 
the lecithins again among phosphorus compounds, and the 
sterols in connection with the vitamins D . 

Lipins and lipids are names sometimes used to cover both the 
true fats and the lipoids of all kinds. 

The choice among fats as food is now largely (and very logi- 
cally) influenced by the fact that some contain relatively much, 
and others practically none, of the important fat-soluble vitamin 
A, consideration of which is here deferred to Chapter XV. 

Prominence of Fat in Some Everyday Food Problems 

Scientifically it has been shown that fat and carbohydrate 
are interchangeable as body fuel throughout a very wide 
range of proportions. In practice, there are certain facts, 
partly physiological and partly psychological, which tend to 
make the proportion of fat in the food a prominent factor in 
practical dietetics. 
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Fat is not only a food of high fuel value; foods also seem 
“richer” the more fat they contain, and correspondingly they 
“stay by” longer. The latter expression means chiefly that, 
other things being equal, the more fat a given meal contains 
the longer the time before it will have left the stomach. It is 
when the stomeich is empty that the muscular contractions 
of its walls give rise to the “pangs” of hunger. Hence among 
the peoples of the Western World who have become accus- 
tomed to a fairly liberal use of fat in their daily food, any 
shortage of fat is felt both in the difficulty of getting the 
desired effects in cookery and in the fact that the low- 
fat meals leave the stomach more quickly so that there is 
much more sensation of hunger before the next meal. When 
the physiological effect is further complicated by the anxiety 
accompanying a period of inadequate and uncertain food 
supply, the shortage of fat may become a real factor in im- 
pairment of morale, as was demonstrated in Europe during 
the first World War. 

Hence the art of dietetics as practiced in America and Eu- 
rope tends to furnish from one-foiuth to one-third of the 
total food calories in the form of fat. With much less than 
one-fourth there tends to be dissatisfaction for such reasons 
as mentioned above, while much more than one-third of the 
food calories in the form of fat tends to give rise to sensations 
of excess. 

When food is so rich in fat as to stay too long in the 
stomach, this organ may become fatigued or may 
even rebel. Here importance may also be attached to the 
way in which the fat is used in cookery. Fried foods are apt 
to come under special suspicion (1) that they may have 
been allowed to absorb too much fat, and (2) that irritating 
substances may have been formed in the fat by the heating 
to which it was subjected in the frying pan. Hence the 
advice to sear quickly the surface of the food which is being 
fried and then lower the temperature so that the interior 
“cooks in its own juide.” Clearly, too, a surface water- 
proofing of fat, such as will keep the food juices in, must also 
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tend to keep the digestive juices out; so that the presence of 
fat retards the digestion of carbohydrates and proteins, and 
the more so the more the fat has been cooked into the rest 
of the food. 


PROTEINS 

Carbohydrates and fats are the chief sources of energy for 
the activities of the body but not the chief constituents of 
which the active tissues are composed. Muscle tissue, for 
example, contains but little carbohydrate, and often very- 
little fat. The chief organic constituents of the muscles, and 
of the protoplasm of plant and animal cells generally, are 
substances which contain nitrogen and sulfur in addition to 
the carbon, hydrogen, and oxygen of which the carbohy- 
drates and fats are composed. In 1838, the Dutch chemist 
Mulder separated and described a nitrogenous material 
which he believed to be the fundamental constituent of tissue 
substances and gave it the name protein, derived from a 
Greek verb meaning “to take the first place.’’ While Mulder’s 
chemical work did not prove to be of permanent value, the 
term which he introduced has been retained, and in the 
plural form, proteins, is now used as a group name for a 
large number of different but related nitrogenous organic 
compounds which are so prominent among the constituents 
of the tissues and of food that they may still be accorded 
some degree of preeminence by the student of nutrition. 

The protein molecule is very large and complex, composed 
essentially of a great number of comparatively simple units, 
the amino acids. When proteins are digested the amino acids 
are set free. Typically there are formed a number of inter- 
mediate products proteoses, peptones, etc. (corresponding to 
the dextrins and maltose in the digestion of starch) and ulti- 
mately the ample amino adds as 6nal digestion products 
(corresponding to the monosaccharides which are the final 
products of the digestion of carbohydrates) . Thus the rela- 
tion of amino add to protein is analogous to the relation of 
gluoo^ to stardi* There is, however, the important differ- 
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enc^ that the glucose molecules yielded by starch are all 
alike while the amino acid molecules yielded by proteins are 
of several different kinds. 

Nutritional characteristics of the different kinds of amino 
acids will he studied in Chapter VI . 

It is t^lieved that in general the protein in each kind of 
tissue of each species of plant or animal is chemically distinct 
from the protein of every other tissue and species. When one 
considers that each molecule of protein may contain several 
hundred amino-acid units of as many as twenty-one differ- 
ent kinds, this almost unlimited number and diversity of the 
proteins in nature becomes in some measure understandable. 

Plants synthesize their own proteins from inorganic ma- 
terials obtained from the soil and air. Animals, on the other 
hand, must depend for material from which to build their 
tissue proteins upon the digestion products of the proteins 
of their food. Some of the amino acids are convertible into 
each other and so need not individually be furnished by 
the food proteins. Others, which contain characteristic 
chemical structures or groupings that the body cannot obtain 
from other sources or synthesize for itself, must be supplied 
in some form in the nutriment. These latter, which are fre- 
quently designated as the indispensable or nutritionally 
essential amino acids will be discussed more fully in the study 
of protein requirements in nutrition and the relative merits 
of different foods in meeting these requirements (Chapter 
VI). 


DETERMINATION OF PROTEINS, FATS, AND 
CARBOHYDRATES IN FOODS 

Actual descriptions of the methods of food analysis lie out- 
side the scope of this book. The purpose of the paragraphs 
which follow is simply to indicate enough of the general plan 
to give a reasonable feeling of acquaintance with the meaning 
of the percentage as used in subsequent chapters and as 
tabulated in the Appendix. 
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Protein.* — Not only do all proteins contain nitrogen; they 
all contain not far from 16 per cent of nitrogen, and most 
foods contain only insignificant amounts of other nitrogen 
compounds. Hence, to find the amount of total protein which 
a food contains, one may determine the amount of nitrogen 
and multiply this by 6.25. 

Fat. — weighed portion of the air-dry, finely ground, 
sample of food is dried until completely water-free; then 
extracted with water-free ether (or other fat-solvent) , the 
solvent evaporated, and the fat weighed. The figure thus 
found is usually a little higher than the true percentage of 
fat because of the simultaneous extraction of other sub- 
stances which are soluble in the fat, or the fat-solvent, or 
the mixture of the two. This, however, is a relatively small 
source of error, particularly in the foods w^hich are important 
sources of fat. 

Carbohydrate. — ^WTiile there are analytical methods by 
which each of the more important carbohydrates of our food 
may be determined individually when necessary, it is often 
considered sufficient to determine total carbohydrate '^by 
difference,” i,e,, by subtracting from the total percentage 
of organic matter in the food the percentages of protein and 
fat found as above . This of course involves determinations 
of water and ash in order that the total organic matter of the 
fcMxi may be known. 

Water is determined by drying to constant weight, and 
ash by burning off the organic matter of the dry food and 
weighing the residue of mineral matter, both the operations 
and the interpretations requiring the observance of technical 
precautions the full discussion of which would lead us beyond 
the scof^ of this book. 

EXERCISES 

L Why are the sugar cane and the sugar beet the two economi- 
cally outstanding sources of the world's supply of sugar? 

♦When, as in the ca^ of the proteins, the fats, or the carbohydrates, the 
mtcanbeas of a related group admit of a generalized statement, the collective-sin- 
giilar form of the gp-oup name is commonly used. 
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2. Using the library facilities available to you, prepare an 
account of one or more of the following: the growing and harvest- 
ing of sugar cane or sugar beets; the making of raw sugar from 
cane or beets; the refining of the raw sugar into the white crystal- 
lized sugar (granulated or domino sugar) of commerce; the pres- 
ent-day com sugar industry. 

3. Compare present per capita sugar consumption of your 
country with that of others; and with that of two generations ago. 

4. Examine food starches under the microscope, 

5 . What sugars and sirups are made from what starches on an 
industrial scale? To what countries and to what times does your 
answer refer? 

6. Compare the starch contents and the sugar contents of 
potatoes and sweetpotatoes. (We do not write “white and sweet 
potatoes,” because botanically the socalled sweetpotato is not a 
kind of potato. They belong not only to different species but to 
different genera. What are their scientific names?) 

7. How do potatoes and sweetpotatoes differ with respect to 
other nutrient factors? Is more of nutritive value lost in the 
making of starch from one than from the other? (Use the index; 
also other books.) 

8. Why have we an industry of hydrogenation of fats, which 
changes unsaturated into saturated fatty acids, when the 
“nutritionally essential” fatty acids belong to the unsaturated 
group? 

9. Look up, in reference tables at the back of this book or else- 
where, a number of foods containing percentages of protein 
which you judge to be important in view of the extent to which the 
food enters into the average dietary. Note the percentages both 
of protein and of water (moisture) in the edible portion of the 
food as listed; then compute the percentage of protein in the dry 
(w^ater-free) matter in each case. Comparative compositions of 
foods are expressed sometimes on the water-free basis, more often 
on the basis of the condition, moist or dry as the case may be, in 
which each food is ordinarily obtained from the market by the 
consumer. 

10. Using the record of your food (Exercise of Chapter I), 
amended if necessary by substituting simple foods for mixtures 
of unknown composition, compute your daily intake in grams of 
carbohydrate, of fat, and of protein-. (In the next chapter we 
shall study what happened to these foodstuffs after you had 
eaten them.) 
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Chapter III 


WHAT HAPPENS TO FOOD IN THE BODY: 
DIGESTION AND METABOLISM 

WTiat we have now to consider is how the foodstuffs studied 
in the preceding chapter are brought into the actual nutri- 
tional service of the body. 

Digestion is the general name for the processes by means 
of w’hich the carbohydrates, fats, and proteins of the food 
are brought by the body into forms fitted for absorption 
from its digestive tract into its true interior, — the blood and 
lymph, the organs and tissues. 

Metabolism (derived from a Greek word the literal meaning 
of which is merely “change”) is used by the science of nutri- 
tion as a gpneral name for the changes which the digestion- 
products undergo from the moment of their absorption until 
they have reached the end products of the nutritional process. 

The same terms thus applied to the food as a whole may 
also be applied to a single kind of nutrient, as when we speak 
of the digestion and metabolism of carbohydrate; or of fat; 
or of protein. 


Digestion 

The process of digestion of the food as a whole may be 
said to have four general effects: (1) it brings the digestible 
constituents of food into fluid form; (2) it changes the more 
complex sizars and the starches into sugars of the simplest 
t5T)e, “monosaccharides”; (3) it changes fats into a mixture 

*? 
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of glycerol and fatty acids; (4) it changes proteins into a 
mixture of amino acids. 

The significance of these digestive changes is of a two-fold 
kind. It facilitates the absorption of the nutrients; and it 
results in their being absorbed in the form of their simplest 
‘^building-blocks/* from which the body tissues can recon- 
struct carbohydrates, fats, and proteins according to their 
own patterns. 

Or instead of rebuilding the digestion-products of the 
foodstuffs into the corresponding tissue-stuffs, the body may 
use the digestion-products as fuel. 

Enzymes 

The changes which the foodstuffs undergo in digestion and 
metabolism are facilitated and greatly hastened by the pres- 
ence (in the digestive juices and in the active cells) of sub- 
stances known as enzymes. 

By definition, enzymes are catalysts formed in living cells; 
and catalysts (or catalytic agents) are things that “act by 
contact,” or more particularly they are things which act very 



Fig. 5. Crystals of pepsin. Contrast with, tryp- 
an, shown in Fig. 6. Both are representative diges- 
tive enzymes, recently isolated in crystalline 
conditk>n, both typically protein in their chemical 
nature, but of very different crystalline form. 
(Cottrtesy of Dr, J, H, Northrop,) 
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significantly in bringing about chemical changes without 
themselves being used up in the reaction. 

In theory, such a catalyst is regarded as speeding-up a 
change which would otherwise go on only slowly. In practice, 
the enzyme may make all the difference between a rapid 
rate of change and a rate which is infinitely slow. Hence 
one often speaks as if the enzyme were responsible for 
initiating the reaction which it catalyzes. 

Thus the enzymes are characterized by their ability, even 
in very small amounts, to accelerate changes in other sub- 
stances. The typical enzymes are specific both as to the sub- 
stance on which each acts, often called its substrate, and with 
regard to the nature of the change which they catalyze. 

Furthermore, enz5mies formed in different organs of the 
body are apt to be at least slightly different in their own 
chemical nature, even in those cases in which they act in the 
same manner upon the same substrate. This is true, for ex- 
ample, of two enzymes which both take part in the normal 



Fig. 6. Crystals of trypsin. 
{Courtesy of Dr. J. H. Northrop.) 
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digestion of starch; and these will serve to illustrate the 
modem system of naming enzymes. 

The name of each enzyme, in so far as these names have 
been coined recently, is constructed from the name of the sub- 
stance upon which it acts, with the suffix. and the noun 
thus formed is preceded by an adjective indicating the source 
of the enzyme. Thus in the present example, as the classical 
name of starch is amylum, the starch-digesting enzymes are 
called amylases. The one contained in saliva is called salivary 
amylase and the one in pancreatic juice is called pancreatic 
amylase. 

Enzymes which digest fats are called lipases; those which 
digest proteins are called proteases. 

There are, however, several important instances in which 
names assigned before this plan of nomenclature had been 
decided upon still continue in common scientific use, as, for 
example, pepsin for what according to the formal system 
would be called gastric protease » 

In this chapter, we shall be chiefly concerned with the 
enzymes which act upon food in its course through the ali- 
mentary tract. Most of these are hydrolytic enzymes, i.e., 
they accelerate processes in which the elements of water 
enter into the process of splitting of the foodstuff into its 
digestion products. The most thoroughly studied of these 
digestive enzymes have all been found to be typical proteins. 
In Figs. 5 and 6 are shown crystals of two typical digestive 
enzymes, pepsin and trypsin, prepared in a purified condition 
by Northrop and his coworkers. 

A tabular summary of all the well-known digestive 
enz3mies is given in the Appendix. 

For our present purpose the essential point is that the 
digestive enzymes (sometimes called '^digestive ferments'") 
result in the breaking down of the carbohydrates, fats, and 
proteins of the food into digestion-products which (1) are 
more soluble and diffusible and thus more available to the 
body cells, and (2) are simple enough to be readily used as 
building-ston^ in the chemical architecture of the body sub- 
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stances or to function readily as fuel for the support of the 
energy needs of nutrition. 

The Course of the Food through the Digestive Tract 

For our present purpose, the digestion of foodstuffs may 
perhaps best be studied by first tracing the course of the food 
as a whole through the digestive tract and then taking up 
in turn the fate of the carbohydrates, the fats, and the 
proteins, tx)th in digestion and after absorption. 

The digestive apparatus includes the alimentary tract y — 
essentially a tube about 30 feet long in a grown person, — 
and the glands whose secretions are poured into the alimen- 
tary tract and assist in the transformations taking place 
there. The general features of the arrangement of this 
mechanism are familiar to almost everyone, and are shown 
diagrammatically in Fig. 7. As will appear in the discussion 



Fig. 7. Diagram of the digestive tract, repre- 
senting schematically the relative position of the 
stomach, the small intestine, and the large intes- 
tine; and indicating the point at which the digestive 
secretions of the liver and the pancreas enter. 

which follows, this system of organs is specifically adapted to 
perform efficiently both the mechanical or physical functions 
of grinding and shaking the food-masses until finely divided 
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and thoroughly mixed with the digestive juices; and also the 
chemical function of providing digestive enzymes and sur- 
rounding them with conditions favorable to their activity. 

In the course of normal digestion these functions in the 
different parts of the digestive system are coordinated partly 
through the nervous system and partly by the sending ahead 
of '‘chemical messengers” (hormones) to prepare the diges- 
tive apparatus for the oncoming load of food material. 
Thus, the taste of food (or often the very thought of it) may 
initiate the secretion of digestive juices not only in the 
mouth but also in the stomach. And as soon as the stomach 
begins to allow the passage of the partially digested food 
mixture into the small intestine, a chemical messenger 
(called secretin') is sent from the intestinal membranes by 
way of the blood stream to the pancreas and liver, exciting 
these organs to increased production of fluids which are dis- 
charged into the small intestine and assist in the digestive 
processes there . 

As indicated by the heading of this section, what follows 
is an account of what goes on in the successive organs of 
the digestive tract. The description refers, first, to the me- 
chanical handling of the food-mass as a whole and, second, 
to the chemical changes which occur in the carbohydrates, 
the proteins, and the fats of the food. These are, of course, 
the physical and the chemical aspects of what the digestive 
tract does to the food . The converse question from this view- 
point is, what the food does to the digestive tract or to the 
process of digestion. 

As one follows the course of the food through the digestive 
tract it should be with two aspects of thought in mind: 
How should the person treat the digestive system, especially 
as to what is swallowed and in what circumstances; and what 
service may then be expected from the digestive system. 

The scope of this book does not include the study of dis- 
orders of digestion . The following outline therefore presumes 
that we are dealing with a well-treated and well-behaved 
digestion. 
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In the mouth the food should be not merely softened and 
lubricated so that it can be swallowed easily; it should be 
chew^ed thoroughly to reduce it to particles of the smallest 
size and to mix the saliva intimately through every bit of the 
food mass. Only when the food has been chewed until re- 
duced to very small particles can the different digestive 
juices act upon it to best advantage. In the mode of attach- 
ment of the jaw and in the strength of its muscles, we are 
provided by nature with an ample and efficient mechanism 
for the proper chewing of our food. But nature has made 
chewing a voluntary act; thus leaving it to our own intelli- 
gence and will to deterrnine the thoroughness with which 
this first act of the digestive process shall be performed. 
Such rules as that one should chew a given number of times 
upon each mouthful may be helpful, but are too mechanical 
to satisfy one who takes an intelligent interest. A more 
rational though perhaps somewhat more extreme rule is that 
each mouthful should be chewed as long as any taste can be 
perceived or until swallowing is entirely unconscious. It is a 
mistake to suppose that such thorough chewing greatly 
reduces the amount of food required; but for other reasons 
it is an excellent habit. 

V^Thile the food is in the mouth, the several groups of sali- 
vary glands pour out their secretion upon it. This saliva is 
the only digestive juice which ordinarily comes directly 
under our observation, and perhaps because it is familiar 
we are apt to underestimate its significance. We say that a 
tempting dish “makes the mouth water,” and are apt .to 
think of this as a property of the food rather than as an im- 
portant first step in digestion. The actual part played by the 
saliva in the process of digestion is much greater than was 
formerly supposed. The saliva has no appreciable action 
upon proteins or fats but does digest starches and dextrins 
by means of an enzyme known as ptyalin (or more recently 
as salivary amylase) which is active in approximately neutral 
solutions. Although relatively little chemical change in the 
food actually takes place in the mouth, under favorable con- 
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ditions the salivary amylase may continue to act on food 
carbohydrates in the stomach for some time before the acid 
gastric secretion reaches it in sufficient amount to halt its 
activity. 

To end a meal with (or to follow a meal by) the eating of 
raw fruit or celery, when one can conveniently arrange to do 
so, is an excellent habit for several reasons. The discussion of 
the ultimate nutritional benefit belongs to later chapters; 
but some of the more immediate advantages should be noted 
here. The combined mechanical action of the vegetable fiber 
and chemical action of the mild fruit acid leave the mouth 
in the best possible condition with a sensation of savory 
cleanliness and toning up which is well worth while in itself; 
and which also sends nerve impulses and chemical messengers 
■which greatly aid the successive steps in the digestive 
process. 

In the stomach, the food is stored for a longer or shorter 
time depending largely upon the size and character of the 
meal. The walls of the stomach are so elastic that, as ex- 
pressed by Howell, there is * ‘never any empty space within; 
its cavity is only as large as its contents, so that the first 
portion, of food eaten entirely fills it and successive, portions 
find the wall layer occupied and are therefore received into 
the interior.'’ There is thus no general circulation and mixing 
of the stomach contents during or immediately following a 
meal. This was well illustrated in an experiment in which a 
rat was fed a liberal meal in three courses, each food of a 
different color. This animal was then killed, frozen, and the 
stomach contents examined. The food which had been 
eaten first lay next to the wall of the stomach and filled the 
part of the stomach which connects with the intestine, while 
the food last eaten lay in the interior of the stomach con- 
tents near the point at which it had been pushed into the 
stomach by the act of swallowing. Fig. 8 represents some- 
what dhagraminatically the relative position of food portions 
in the stomach during normal digestion according to the 
sequence in whicdi they were eaten . 
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Not much nutriment is actually absorbed from the stom- 
ach, although some such absorption occurs in the case of 
such things as the monosaccharides and the soluble salts 
of the food which as swallowed are already in the forms in 
which they will be absorbed. A larger factor, in quickness 
with which nutriment is absorbed in any important quantity, 
is the promptness of its passage through the stomach and 
into the small intestine whose wall is a much more effective 
absorbing surface. 

As all food-masses should be thoroughly moist throughout 
when they are swallowed, and in the stomach are further 
wetted by the gastric juice, the water (or solution of food- 
stuff in water) which is swallowed as such during a meal 
need not soak into the whole foodmass in the stomach but 
may (and largely does) find its way along the 'lesser curva- 
ture'* of the stomach wall* from the oesophagus to the 
pylorus, and thus pass more quickly into the small intestine 
than does the bulk of either the protein, the fat, or the car- 
bohydrate of the ordinary solid food. 

As in the case of any other organ, a detailed study of the 
functions of the stomach would involve a knowledge of its 
structure. Omitting all but what is essential to our present 
purpose, we may speak of the stomach as consisting of : (1) a 
larger part called fundus or cardiac region, into which the 
food is received when swallowed, and which is very elastic 
and becomes distended as the stomach stretches to accom- 
modate more food; and (2) the antrum or pyloric region, a 
much smaller part, conical in shape, and ending in the pylo- 
rus, the muscular valve which connects the stomach with the 
small intestine. A region of especially thick circular muscle 
fibers known as the transverse band is considered as marking 
the boundary between the cardiac and the pyloric regions of 
the stomach. (Fig. 8.) 

By mixing some harmless mineral substance such as 
bismuth subnitrate with the food it becomes possible to 

*TIie ^lape and i>osition of tlie stomach are such that Fig. S may be regarded 
as about equally a vertical or a h<Hrizoiital section. 
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observe the contour and movements of the food mass in 
the digestive tract by means of the x-ray. In this way it was 
shown that only in the pyloric region are the food masses 
and the gastric juice actively mixed by muscular contrac- 
tions (See pig. 8); in the fundus the swallowed masses of 

food and saliva remain 
comparatively undis- 
turbed, so that in this part 
of the stomach the salivary 
digestion of starch may 
continue for a relatively 
long time. 

In the region of the 
transverse band there is, 
during digestion, a rather 
copious secretion of 
strongly acid gastric juice, 
and it is in this same region 
that waves of muscular 
constriction are seen to 
originate and from which 
they travel toward the 
pylorus. But the pylorus 
does not open at the ap- 
proach of each of these waves and the material caught be- 
tween the muscular wave and the closed pylorus is subjected 
to pressure and to an eddying movement which mixes it and 
reduces it to a creamy chyme. As the food thus becomes mixed 
with the add secretion, salivary digestion of starch ceases and 
the digestion of protein is begun by the enzyme pepsin, which 
requires an add medium for its activity. There is also present 
in the gastric secretion a fat-splitting enzyme (gastric lipase ) , 
but its activity under the conditions usually prevailing in 
the stomach is rather limited. The flow of gastric juice is 
affected by many factors, prominent among which are 
appetite for the food, pleasurable sensations when the 
food is being chewed, freedom from emotional tension, and 



Fig. 8. Diagram of the stomach and 
the status of its contents during diges- 
tion. The position of the food last swal- 
lowed is here indicated by the speckled 
area, that of the intermediate portion of 
food by the horizontal shading, whereas 
the food first eaten, which has been 
pushed into the pyloric region and there 
thoroughly mixed with the gastric juice, 
is represented by the cross-hatched shad- 
ing. The stomach wall is thicker and 
much more muscular from the region of 
the transverse band to the pylorus, while 
the wall of the fundus is relatively thin, 
passive, and elastic. 
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the presence in the stomach of certain substances including 
water, dilute acids, fruit and meat juices, and many other 
food constituents which have stimulating effects upon gastric 
secretion. This fact affords sound scientific justification for 
the common practice of loginning a meal with a dilute 
(watery) yet stimulating first course such as soup or fruit. 

The free hydrochloric acid of the gastric juice has not only 
a digestive but also an antiseptic function, for this acid is a 
fairly efficient germicide. If the food, by thorough chewing, 
has been broken into very small particles so that any bacteria 
which it contains are freely exposed to the gastric juice, the 
latter will afford a much more effective protection against the 
passage of objectionable bacteria through the stomach into 
the intestine than is possible when some of the food particles 
are too large to be completely permeated by the acid during 
the short time that the acid chyme remains in the stomach. 

At intervals the pylorus opens and permits the passage of 
chyme into the small intestine. As the food in the pyloric 
region is thus gradually passed out of the stomach, fresh 
portions of the food mass in the fundus are pressed into the 
antrum by the muscular tension ohthe stomach wall. 

Thus, while the dividing line is not sharp nor prominent 
there is a fairly distinct difference both in structure and func- 
tion between the two regions of the stomach: In the thin- 
walled elastic fundus the food mass is held quietly in storage 
and salivary digestion of starch continues; in the thick-walled 
antrum with its peristaltic waves of muscular constriction 
the food is mixed with the gastric juice, salivary digestion 
ceases, peptic digestion of proteins begins, and the food is 
more or less thoroughly disinfected by the free add of the 
gastric juice. 

The stomach as a whole may therefore be said to have four 
main functions. It serves: (1) as a storage reservoir receiving 
food ifi relatively large quantities, say three times a day, 
and passing it on to the intestine in small portions at fre- 
quent intmvals; (2) as a place for the continuation of the 
salivary digestion of starch; and (3) for the beginning of the 
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digestion of proteins and perhaps fats; and finally (4) as a 
disinfecting station of somewhat doubtful and variable 
value since the food is subjected to the acidity of the gastric 
juice for a relatively short time in the pyloric region, and the 
degree of contact of acid with bacteria must depend largely 
upon the si 2 :e of the food particles at this stage of digestion. 

The length of time spent by food in the stomach depends 
in part upon the proportions of carbohydrate, protein, and 
fat eaten. In experiments where each is eaten separately, 
protein food stays longer in the stomach than carbohydrate; 
fat longer than protein; and mixtures of fat and protein 
longest of all. In a mixed diet, then, the greater the propor- 
tion of fat the longer the food stays in the stomach. This 
action of fat may be either disadvantageous or advantageous 
according to circumstances. Excessive fat may retard diges- 
tion unduly and lead to discomfort; on the other hand, too 
little fat may result in such early emptying of the stomach 
that hunger pangs are felt too shortly after the meal is eaten . 

In the small intestine, the food, which (as we saw) has al- 
ready been reduced to a liquid chyme, is subjected to the 
simultaneous action of three different secretions, the bile, 
the pancreatic juice, and the intestinal juice (or succus 
entericus). These three secretions all contain alkaline salts 
which quickly overcome the acidity of the chyme so that the 
intestinal contents as a whole are normally alkaline . The bile 
does not seem to exert any direct digestive action but by its 
solvent and dispersive action on fats and fatty acids it not 
only assists the fat-splitting en 2 ymes to come into more 
effective contact with their substrate, but also facilitates the 
absorption of the fatty acids formed as the result of their 
activity. Pancreatic juice contains digestive enzymes for 
each of the three groups of foodstuffs — proteins, fats, and 
carbohydrates. The intestinal juice takes part in the diges- 
tion of both proteins and carbohydrates. For fuller informa- 
tion regarding the specific enzymes involved, Table 25 in 
Appendix B may be consulted. 

In the upper part of the small intestine there occurs a 



DIGESTION AND METABOLISM 


41 


special sort of muscular contraction which quickly emulsifies 
the fat by shaking it back and forth with the alkaline juices 
and bile, at the same time promoting the digestion of all of 
the foodstuffs by bringing them into intimate association 
with their digestive enzymes and facilitating absorption by 
constantly pressing fresh portions of the digesting mixture 
against the intestinal wall. In addition to this peculiar 
movement which is characteristic of the upper part of the 
small intestine, there occurs throughout its length a succes- 
sion of peristaltic waves of muscular constriction which 
force the food mass against the absorbing surface and move 
it onward along the digestive canal. In the wall of the small 
intestine there are many cross-folds and innumerable tiny 
projections (pilli) extending, like the fingers of a glove, into 
the central cavity (the lumen), which enormously increase 
the area of surface with w^hich the digested food mixture 
comes into contact and facilitate the transfer of digestion 
products from the lumen of the intestine to the circulating 
fluids of the body, the blood and the lymph. For, in addition 
to the reasons already suggested, every wave of muscular 
pressure tends to force the blood and lymph from the villi 
onward into the body to be replaced by fresh blood and 
lymph from the general circulation (and with renewed 
avddity for the digestion products) as soon as the muscular 
wall relaxes again. The small intestine, wdth its abundance 
of enzymes and exceptionally favorable mechanical con- 
ditions, is thus well adapted to the processes of digestion and 
absorption and it is here that the greater part of the digestion 
products of the three major groups of organic foodstuffs are 
absorbed. From observations on a patient whose digestive 
processes were apparently normal it was found that 85 per 
c^nt of the protein of the food had been absorbed before the 
food left the small intestine; absorption of the other food- 
stuffs is presumably equally complete. 

In the large intestine, the digestive juices continue to act 
upon the remnants of the foodstuffs and a further absorption' 
of digestion products takes place, along with a very marked 



42 


ESSENTIALS OF NUTRITION 


absorption of water. The material remaining unabsorbed 
gradually becomes more solid and takes on the character of 
feces. A comparatively long time (often 18 hours or more) 
may normally elapse between the entrance of the digestion 
mixture into the large intestine and the elimination of the 
residual material from the body. 

Fofe of the Individual Foodstuffs in Digestion 
and Metabolism 

The changes which some of the more prominent organic 
constituents of the food undergo in digestion and after 
absorption may now be considered individually. As a detailed 
treatment of the processes of intermediary metabolism would 
involve a somewhat technical knowledge both of organic 
chemistry and of physiology and require more space than is 
available here, we shall outline only those aspects an under- 
standing of which is requisite to the purpose of this book, 
viz. the adaptation of food to the service of the body. 

Absorption and Metabolism of Carbohydrates 

The carbohydrates of the food, having been brought by 
the digestive processes to the form of monosaccharides, are 
taken up from the lumen of the intestine by the cells of the 
intestinal mucosa and passed, so to speak, into the * ^physio- 
logical interior*' of the body. Most of the absorbed carbohy- 
drate is transported from the intestine to the liver by way 
of the portal vein. In the liver, much of the carbohydrate 
is removed from the blood stream, glucose, fructose, and 
galactose each being converted into the polysaccharide 
glycogen for storage in that organ . 

The glycogen reserve of the liver is subsequently hydro- 
lyzed (always to glucose, regardless of the monosaccharide 
from which it was originally synthesized) and glucose is 
supplied to the blood to replace the carbohydrate which has 
been removed from it by other tissues of the body. The liver 
thus functions to maintain nearly constant tie level of 
glucose in the blood of the general circulation, preventing 
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large increases, for example during the influx of carbohy- 
drate after a meal, and counteracting the depletion of blood 
carbohydrate by other active tissues through releasing its 
store as needed- The concentration of carbohydrate in the 
liver, on the other hand, is subject to enormous variations, 
reaching as high as 10 per cent of the weight of the liver after 
an abundant meal and falling to nearly nothing when no 
carbohydrate food has been taken for some time. 

The carbohydrate stored in the liver after a meal is thus 
usually converted into glucose and passes into the blood 
stream before the next meal, but still the glucose content 
of the blood remains small and nearly constant. This indi- 
cates that the glucose of the blood must be quite rapidly 
used, and, from the standpoint of our present study, the 
immediate question is, What becomes of the glucose which 
the blood carries away from the liver? Investigation shows 
that this glucose disappears chiefly in the muscles. There, 
glucose is converted into glycogen, which may reach a con- 
centration of two per cent of the weight of the muscle. This 
glycogen plays an essential part in the complicated chain of 
chemical reactions through which energy is released for 
muscular work- Not all of the steps involved are clearly 
understood, nor is a detailed discussion of them appropriate 
to this book. However, it is known that, when a musde 
contracts, a part of its glycogen is broken down to the 
three-carbon compound, lactic acid, a change which liber- 
ates energy. Still more energy becomes available when a 
part of the lactic add so formed is oxidized to carbon dioxide 
and water. 

Other active tissues of the body also withdraw glucose 
from the drculation, oxidizing it directly or indirectly as fuel 
for the various kinds of work which they perform. 

Carbohydrate in excess of what is immediately burned 
and of what is stored as glycogen is converted into fat, 
which is a much more concentrated form of fuel and which 
can be stored in much larger quantity than can glycogen. 
Thus, under the most favorable conditions of feeding and 
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rest, the maximum amount of glycogen stored in the entire 
adult body is only about two-thirds to one pound , no more 
carbohydrate than is frequently taken in one day’s food, 
and only about enough, if it were the sole source of energy, 
to support the body for one day. Whereas, it is a matter of 
everyday observation that the storage of fat may reach 
many pounds; and a well nourished individual carries in his 
body enough fat to serve him as fuel for a month or more. 

Digestion of Fafs 

Before it can be absorbed from the intestinal tract, the 
fat of the food apparently must be split into its components, 
glycerol and fatty acids. This cleavage takes place through 
the action of fat-splitting (lipolytic) enzymes known as 
lipases. There is a lipase in the gastric secretion, but this can 
effectively digest only fat which has been eaten in a highly 
emulsified (finely subdivided) condition. The remainder of 
the fat, after becoming thoroughly emulsified in the small 
intestine by the vigorous agitation with bile and alkaline 
salts to which it is there subjected, is readily attacked by the 
lipase in the pancreatic juice. 

Absorption and Metabolism of Fats 

The fatty acids and glycerol which are formed in the 
digestion of fat recombine into fat in the process of being 
transferred through the cells lining the intestinal tract. 
This fat passes mainly into the l3miph vessels (rather than 
the blood vessels) and is finally poured with the lymph into 
the blood, without first having been through the liver. This 
results in a rise in the fat content of the blood of the general 
circulation which is much more marked than, the increase 
in glucose concentration following absorption of carbo- 
hydrate. The fat thus distributed through the body may be 
burned in the muscles and other active tissues as a source of 
energy for muscular and other forms of work; or, if not 
n^d^ at once as fuel, it may be deposited as body fat, a 
stored fuel ready to be drawn upon when needed . 



DIGESTION AND METABOLISM 


45 


Regarded as sources of energy, the functions of fat and 
carbohydrate are essentially the same, although the utiliza- 
tion of carbohydrate for the performance of muscular work 
appears to be slightly more efficient than that of fat. Further- 
more, as we have seen, the body can change carbohydrate 
into fat to an almost unlimited extent. To what degree the 
body can change fat back into carbohydrate, we do not know 
with certainty; but since, within wide limits, fat serv^es the 
same purposes as carbohydrate, our study of the uses of the 
foodstuffs in nutrition does not necessitate an answer to this 
latter question. 

The fact of the essential interchangeability of fat and car- 
bohydrate in the support of body w^ork greatly simplifies 
dietary calculations, since in many cases where we deal with 
the energy values of foods w'c need not stop to consider 
separately how much of the energy comes from fat and how 
much from carbohydrate. But this fact does not justify an 
attitude of total indifference toward fat as a dietary con- 
stituent, for, as already mentioned in Chapter 11, recent 
work has shown that, although the body can build fat from 
carbohydrate and protein, it either lacks altogether the 
ability to synthesize linoleic acid, or can form it to only a 
very limited extent. And since this fatty acid is indispensable 
to the normal functioning and development of the body, it 
(or closely related linolenic acid) must be supplied in the 
food, and is, in this sense , “nutritionally essential.’' Further- 
more, it was also explained that a diet devoid of fat would 
almost certainly be too lacking in “staying" qualities to 
satisfy persons who eat only three meals a day; and some 
physiologists hold the view that the human gastrointestinal 
.tract is too short to handle with maximum efficiency the 
large masses of food that would be needed to supply energy 
if fat, the foodstuff of most concentrated energy value, were 
excluded from the diet. 

A part of the fatty adds obtained from the fat of the diet 
or synthesized from carbohydrate is utilized in the forma- 
tion of constituents of many of the active tissues of the 
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body. To this extent at least, the fats may be regarded as 
tissue-building materials. 

However, most of the fat of the well nourished body 
represents reser\*e fuel, and as such is deposited in the meta- 
bolically inactive adipose (fat-storing) tissues. This storage 
of fat may occur in many regions of the body, but is particu- 
larly marked just below the sldn, where a layer of fat of vari- 
able thickness may usually be found. Stored fat is also pres- 
ent between the muscles and surrounding the internal organs. 
Fat thus deposited, although of principal significance as a 
reserve source of energy, may also serve the body as a me- 
chanical protection against shocks and bruises, as a com- 
paratively impervious blanket against the cold, and as a 
packing and support for certain of the organs, notably the 
kidneys. 

Usually the nature of the fat found in the body is more or 
less characteristic of each species or group of closely related 
species. Herbivora contain as a rule harder fats than carni- 
vora, land animals have harder fat than marine animals, 
and all warm-blooded animals have fats of higher melting 
points than those found in fishes. The nature of the body 
fat may also be affected by the diet. Under many conditions 
of feeding, the major part of the body fat may be synthe- 
sized from carbohydrates. If, however, much of the body fat 
is formed from fatty acids present in the food, and these 
differ markedly either in kind or in relative proportions 
from the mixture of fatty acids which that species of animal 
normally synthesizes from carbohydrate, these differences 
may be reflected to some extent in the kind of fat deposited 
in the body. 

Nevertheless, although the body fat may thus differ some- 
what in its chemical character accordingly as it is derived 
mainly from dietary carbohydrate and protein or mainly 
from dietary fat, its nutritive value appears to be essentially 
the same. In either case, the fat thus stored may be drawn 
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Upon for use as fuel at any future time when the energy 
requirements of the body demand it. 

Digestion of Proteins 

The saliva does not digest protein and, so long as the 
swallowed food remains in the muscularly inactive region 
of the stomach and unmixed with the gastric juice, the 
protein is imchanged. Little by little, however, as explained 
earlier, the food becomes mixed with the gastric juice, which 
is rich in hydrochloric acid and the proteolytic enzyme, 
pepsin. Together, these attack the protein of the food, 
changing it into the somewhat simpler, but still very com- 
plex, proteoses and peptones. The proteoses and peptones 
pass into the small intestine where they (and any protein 
which may have escaped the action of pepsin) are exposed 
to a whole battery of other proteolytic enzymes, of which 
one group, formerly designated as “tiypsin” (but now 
known to consist of at least three distinct enzymes) , is pro- 
vided by the pancreas, and another group, originally re- 
ferred to in the singular as “erepsin” (but actually consisting 
of at least two separate entities), is secreted by the intestinal 
mucosa. Acting cooperatively in the small intestine, these 
numerous separate enzymes complete the cleavage (hydrol- 
ysis) of the protein, proteoses, and peptones received from 
the stomach, into their ultimate component units, the amino 
acids. 


Absorption and Metabolism of Amino Acids 

It is now believed that the hydrolysis of proteins to amino 
acids in the digestive tract is, in normal conditions, prac- 
tically complete. The protein digestion products are absorbed , 
mainly from the small intestine, into the blood stream, and 
distributed as amino adds to the various tissues of the body. 
The amino adds, having been withdrawn from the blood 
stream by the tissues, may be used by them in various ways. 
(1) Part may be reassembled as building stones to form new 
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protein in the proportions and according to the specific 
pattern characteristic of the tissue in question. (2) Some may 
be assimilated to take the place of fragments of body protein 
which are being broken down in the wear-and-tear processes 
which always go on in living cells. (3) Certain of them may 
be utilized in the synthesis of substances (some protein in 
nature, others of simpler composition) such as .certain 
hormones and enzymes, which have essentially body-regu- 
lating rather than structural fimctions. (4) The remaining 
are broken down (“deaminized”) into a nitrogenous frag- 
ment, which is eliminated from the body chiefly in the form 
of urea, and a non-nitrogenous residue, which is either 
burned as fuel or converted into carbohydrate or fat. Similar 
“metabolites,” formed in the wear-and-tear processes from 
body protein are used in the same way. In serving as fuel, 
the protein is utilized interchangeably with carbohydrate 
and fat, since its energy may be converted into muscular 
work, internal activity, or heat. 

In the growing child, there is extensive construction of 
new tissue and an important fraction of the food protein 
may be required to meet this need. Once the individual has 
achieved his full growth, however, there is little or no further 
accumulation of protein (except in special cases as, for 
example, in pregnancy, or during recovery after a severe 
wasting disease, where actual construction or reconstruction 
of body tissue is involved , or when, as the result of increased 
muscular exercise, a real enlargement of the muscles occurs) . 
It is therefore ambiguous and may be misleading to state 
that the amino acids resulting from digestion of food protein 
may be used for purposes of tissue repair or be burned as 
fuel; for that fraction which is used in the repair process is in 
general not added to the body’s store but simply exchanged- 
for an equal amount of material which is being broken down 
and burned. Hence, all the protein or amino acid which the 
full grown body assimilates is, unless new tissue is forming, 
socmer or later burned as fuel, whether or not it first serves 
for the repair of body structure. 
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Summary of the Fate of Foodstuffs 

Carbohydrate may be 

Burned to yield energy: (a) for external muscular work; 

(b) for internal activity; (c) for heat 
Stored as glycogen 
Changed into fat 

Fat may be 

Burned to yield energy: (a) for external muscular work; 

(b) for internal activity; (c) for heat 
Stored as fat 

Used in synthesis of tissue lipids 

Possibly to some extent changed into carbohydrate 

Protein may be 

Used in building or repair of protein tissue 
Used in S3mthesis of certain hormones, enzymes, and 
other body regulators 
Deaminized and 

Burned to yield energy: (a) for external muscular 
work; (b) for internal actmty; (c) for heat 
Changed into carbohydrate 

Changed into fat (possibly through carbohydrate) . 

Thus carbohydrates, fats, and proteins all serve as fuel 
to yield the energy of muscular and other forms of work, 
or to keep the body warm, and any or all of them when 
present in quantities more than sufficient to meet immediate 
needs may contribute to the production of fat which is the 
body’s chief form of stored fuel and which is utilized in just 
the same way whether formed from the carbohydrate, the 
protein, or the fat of the fcxxi. 

The body has very great power to convert one foodstuff 
into, or use it in place of, another; and so to economize its 
resources in this respect that the total energy value of the 
food is used to meet the total energy requirement of the 
body. In the next chapters we diall consider the more quan- 
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titative aspects of the problem of balancing the potential 
energy represented by the different items of the diet against 
the bodily expenditures of energy in its various forms. 

EXERCISES 

1 . Using data tabulated in the Appendix, compute the number 
of grams (a) of protein, (b) of fat, (r) of carbohydrate, consumed 
on each of the days for which you previously recorded your food 
consumption. 

2; What significance do you attribute to the daily variations? 

3. If your record contains any food too rare or of too artificial 
a nature to be included in the appended, reference tables, either 
make adequate inquiry as to its nature and composition* so as 
to be able to complete your calculation, or amend your ''dietary’' 
by the substitution of some food whose composition is better 
known. 
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Chapter IV 


ENERGY ASPECTS OF NUTRITION 

Introductory Explanations 

Every act and moment of life involves, in terms of formal 
physics, a transjormation, or, in everyday terms, an ex- 
penditure, of energy. 

We are fully aware of spending energy when we do active 
muscular work. When we rest , energy expenditure diminishes 
but does not stop. For, when you have relaxed as com- 
pletely as you can, your body still has internal work to do. 
The musculcir work of the heart and the work of the muscles 
of respiration involve significant amounts of energy within 
every minute; and the resting muscles still possesss some 
degree of tension (tone or tonus ) , the maintenance of which 
requires a considerable energy transformation or expendi- 
ture. The internal work of the body must go on so long as 
life continues. It is difficult to measure any one of the forms 
of internal work separately from the others; but it has been 
estimated that the heart alone (even when the person is lying 
perfectly quiet) does an amount of work each hour equivalent 
to the lifting of the entire body about 100 feet into the air; 
and the work of breathing usually involves a considerably 
larger expenditure of energy; while the amount of energy 
expended in maintaining the tension or tonus of the muscles 
is larger still. 

The energy which the body “spends” appears so largely 
in the form of heat, that the science of nutrition fiuids it 
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convenient to express energy measurements in terms of the 
heat unit, the Calorie. 

Physics makes use of two such heat units, one a thousand 
times greater than the other; and for brevity distinguishes 
the greater Calorie by writing it with a capital C while writ- 
ing the lesser calorie with a small initial letter. The energy 
transformations in our bodies are always of such magnitude 
as to make the larger unit the more convenient, and it is 
practically alw-ays used in speaking or writing of the energy 
aspect of nutrition. As a technical term belonging primarily 
to physics, it should be written as the physicists write it, 
Calorie. But some writers and editors, growing weary of 
frequent use of the capital, have decided that in nutrition 
books there is no real danger of confusion if the existence of 
the lesser unit be simply ignored and the initial capital dis- 
pensed with in referring to the greater calorie inasmuch as 
this is the only one which need be used in nutritional dis- 
cussions. 

Hence in writings on nutrition the unqualified word, 
“calorie"’ will presumably mean the same as Calorie^ 
the greater calorie (or kilogram-calorie or kilo-calorie) which 
is the amount of heat which raises the temperature of one 
kilogram of water through one degree centigrade. 

In this book the Calorie is given an initial capital in those 
cases (only) in which an explicitly quantitative statement 
is being made. 

As a help in relating the scientific unit to our everyday 
measures, it may be noted that this is almost the same as 
the amount of heat which raises the temperature of one pound 
of water through four degrees Fahrenheit — or of four pounds 
of water through one degree Fahrenheit. 

And it may also be helpful to remember that 100 Calories 
is about the amount of energy spent by a normal- adult 
sitting (not too completely relaxed!) in a lecture-room or 
study chair for one hour. 

While the unit of energy used in discussions of food values 
and nutritional needs has a direct and well-established 
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physical definition, the word energy does not always stand 
simply for the mechanical concept to which the physical 
definition applies. 

It is a current statement that: “Energy is the ability to 
do w'ork.” 

But as applied to our body and its nutritional needs, this 
short definition may have a double meaning, which, while 
it should not seriously mislead a student well-grounded in 
even elementary physics, is in fact confusing to many people. 
For our bodily “ability to do work” implies, in the literal 
everyday meaning of the words, hath a supply of available 
fuel and a properly built and conditioned “mechanism” for 
the transformation of the potential fuel value into the effec- 
tive activities of muscles and other bodily organs. It is to the 
first of these that we refer when we speak of the energy 
aspect of nutrition and the energy values of foods; but it is 
to the secxind that we are usually referring when we say 
that we “feel full of energy” or that we “lack energy.” 
Thus the energy value of foods as expressed in calories is the 
energy of the purely fuel or merely mechanical sense ; while 
our fitness is, or is directly related to, our state of being 
energetic in the colloquial or psychological sense. 

Mental work may cause fatigue without any corresponding 
energy expenditure. 

The difference finds frequent illustration in the daily lives 
of students and teachers. Usually at the end of a lecture-hour 
both the students and the teacher will be tired, fatigued, 
“lacking in energy,” more or less depleted of their “ability 
to do work” — though probably no one “spends” (transforms) 
more than 100-150 Calories of energy in an hour in a class- 
room. If, then, after the lecture one goes for a walk one will 
probably spend twice as much energy (in the mechanical or 
calorie sense) in an hour, yet return feeling rested and ener- 
getic. A feeling of fatigue may be directly related to one’s 
bodily condition without being proportional to expenditure 
of enei^ in the physical or mechanical or calorie sense, As 
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one usually speaks, “lack of energy” •will generally be due 
to some suboptimal condition of one’s bodily chemistry or 
internal environment; but not necessarily as the result of 
too much muscular work and energy metabolism — ^perhaps 
as a result of too little! 

In this connection we might mention the hypothesis that 
each normal member of any given species has as a natural 
birthright the ability to spend about a certain total amount 
of energy in the course of a natural life time, so that the 
more energy one expends per year the fewer years he should 
expect to live. In an empirical form this h3^thesis is a tra- 
dition of army teamsters who say, “There is so much work 
in a mule; you take it out of him faster or more slowly ac- 
cording to how hard you work him.” Rubner, an influential 
expert in nutrition, held much the same idea as a formal 
scientific hypothesis. But to speak of how “hard” one works 
involves much the same ambiguity as to speak of energy as 
ability to do work. No doubt some human lives are shortened 
by excessive muscular work; but one may also shorten his 
life by working so “hard” at a sedentary occupation that he 
gets too little muscular exercise. In so far as one's work in- 
fluences the length of one’s life, it is probably not so much 
through rate of energy expenditure per se as through the 
effect upon the body’s internal environment which may be 
unfavorably influenced either by overtaxing the muscles or 
by leaving them stagnant too much of the time. 

Internal environment as a factor in nutritional well-being 
can be more dearly apprehended after we have studied the 
mineral elements and the vitamins as factors in nutrition. 
But meanwhile some ambiguities may be avoided if what 
has been suggested is kept in mind throughout the study of 
the energy aspects of nutrition and food values. 

The Council on Foods of the American Medical Assoda- 
tion includes among its general rules regarding advertising 
that the advertiser should correctly inform the public as to 
energy values of foods in such carefully chosen terms as 
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clearly to distinguish between “the caloric and the popular” 
senses of the word energy, which distinction, the Council 
declares, “must be recognized and observed.”* 

The Council also admonishes the advertisers of fcxxl prod- 
ucts to “take cognizance of the fact that limitation of the 
energy intake is essential for reduction of body weight. 
There are no foods that bum up body fat."* 



Fig. 9. Outside view of the original Atwater-Rosa-Benedict respiration 

calorimeter. 


The use of the Calorie as a convenient energy unit does 
not imply that the body is a heat engine, though this faulty 
analogy has been used in the past. 

At the end of the nineteenth century, some teachers 
thought that a rccisonably satisfactory approach to the 
essentials of nutrition as then known could be made in terms 
of protein and calories, and by way of the steam engine as 
an analc^. The protein of the food was pictured as the 

♦Coundl on Foods 1939 Accepted Foods and Their Nutritional Significaiice, 
p- 23. (American Medical As^jdation, 535 North Dearborn Street, Chicago.) 
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building material of the “mechanism”; and the energy value 
of the food, as corresponding with the calorific value of the 
fuel burned in the engine. 

But the body is so emphatically not a heat engine that to 



Fig. 10. Iimde view of the original Atwater-Rosa-Benedict 
le^iration calorimeter. 


liken it to a steam engine is now realized to be misleadingly 
inadequate. Le^ inadequate, as well as more modem, is 
the analogy of the gasolene engine of an automobile or a 
motorboat; for in such a motor, as in the body, the heat is a 
by-product or end-product and not (as in the steam engine) 
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the means through which the potential or chemical energy 
of the fuel is transformed into useful work. 

If, then, one desires to compare the body with an automo- 
bile engine, the protein and some of the mineral elements 
correspond to the structural material of the motor; other 
mineral matters, including water, correspond to the lubri- 
cants; such organic foods as the carbohydrates and fats, and 


Fig. 11. The respiration calorimeter now in use at the Russell Sage Institute 
of Pathology. {Courtesy of Dr. E. F. DuBois.) 

the non-nitrogen derivatives of the proteins, are the fuel; 
and the \'itaniins correspond to the ignition sparks, whose 
own energy value is insignificant, but without which this 
kind of engine cannot run, however abundant its fuel and 
however appropriate its structural materials and its lubri- 
cants. 

Throughout the present discussion of the energy asi>ect of 
nutrition, we shall be assuming (unless otherwise specific:ally 
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Stated) that the other nutritional requirements are being 
sufficiently supplied to meet normal needs, and that we are 
dealing with physiological rather than pathological con- 
ditions. 

When one speaks of the amount of food required, it is 
usually the body's energy requirement, the number of 
calories fieeded per day^ which comes to the mind of the 
systematic student of nutrition; for to any extent that the 
intake of fuel is inadequate, the body must bum some of 
its own substance as fuel to meet its energy needs. Hence, 
generally speaking, the economy of other nutritional assets 
is fundamentally conditioned by the meeting of the body's 
energy requirement. 

For the purpose of the present brief study of the body's 
energy needs, we may start with an average-sized healthy 
man at rest. Such a man, sitting comfortably in a chair, will 
as already mentioned spend about 1(X) Calories of energy 
per hour. 

Methods of Measuring Energy Metabolism 

Atwater-Rosa-Benedict respiration calorimeter and its 
successors. — ^At the turn of the century, the outstanding 
news in nutrition was that about "‘the man in the copper 
box,” the experiments with human subjects in the respira- 

tion calorimeter which had been developed and brought into 
successful use by Atwater, Rosa, and Benedict. (Figs. 9 and 

10 are photographs of the exterior and interior of the original 
Atwater-Rosa-Benedict respiration calorimeter; while in Fig. 

1 1 is shown a considerably later modification of this apparatus 
in use at present in the Russell Sage Institute of Pathology.) 

The respiration calorimeter, as the name implies, is both 
a respiration apparatus for the chemical determination of 
the oxygen consumed and the carbon dioxide and water 
produced in the respiratory exchange, and a calorimeter 
for the direct measurement of the heat given off by the body. 

The measurements were brought to a very high order of 
precision; and upon averaging the results of a large number 
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Fig. 12. Apparatus for the study of energy metabolism in walking. In this 
and in the types of apparatus shown in Figs. 13 and 14, the heat production is 
not measured directly, but the energy metabolism is computed from observa- 
tions on the respiration, usually of the amount of oxygen consumed. The ex- 
ternal muscular work which the subject here performs in walking is measured 
medaanically. {Ccmrtesy of Dr. F. O. Benedict.) 
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of such experiments it was found that the energy naetabolism 
computed from the data of the respiratory exchange and that 
measured directly as heat (or as heat plus external muscular 
work) agreed within a small fraction of one per cent. This 
finding resulted in general acceptance of the view that 
energy metabolism may be measured either by direct calorim- 
etry (the man living in a calorimeter) or by the ‘‘indirect 
calorimetry” of computation from the chemically determined 
data of the respiratory exchange - 

As a further development justified by this finding, there 
have also been devised several forms of simplified respiration 
apparatus (Figs. 12-14) which while measuring the energy 
metabolism do so without the need of such elaborate pro- 
cedures. Thus it has now become practicable to measure 
the rate of energy metabolism of students in the classroom, 
patients in the clinic, and representatives of different races 
as encountered by field anthropologists in various parts of 
the world. These recently developed outfits, so much more 
portable and less expensive than those previously available, 
are also adaptable to the measurement of the energy metab- 
olism of people of widely varied ages and occupations. 
Hence the somewhat wide-ranging discussions of this and 
the following chapter can be based almost entirely upon 
quantitative measurements of actual cases, and usually of 
many cases of a kind. 

&isal Energy Metabolism 

The basal energy metabolism (or basal metabolic rate) is a 
term oft^ applied to the rate of expenditure of energy by a 
person awake, lying still, and who has taken little if any food 
during the past twelve or fourteen hours so that little diges- 
tion or absorption of food material is taking place at the time 
of obseivation {i,e., in the “post-absorptive” state). This is 
often measured as a step in diagnosis in modem medicine. 

In healthy grown people this basal energy metabolism 
averages just about one Calorie per kilogram of body weight 
per hour. This is supposedly the minimal rate of expenditure 
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of the normal man or woman when awake. During sleep the 
energy output is less, but when sitting erect it is more, while 
standing involves a still further expenditure of energy. A 
normal man, therefore, however sedentary he may be, is 
almost sure to expend in the course of the 24 hour day some- 
what more than 24 times his basal hourly number of calories. 



Fig. 13. A simple form of portable respiration apparatus. 
iCowrUsy oj the Sanborn Company,') 


Moreover in any case the basal rate could be maintained 
throughout the day only by fasting. Eating is always fol- 
lowed by an increase in the rate of heat production, the 
extent of the increase depending upon both the character 
and the amount of food eaten, as explained below. 

For a very full and expert account of the measurement and 
interpretation of the basal metabolism with special attention 
to its medical aspects, the reader is referred to DuBois’ Basal 
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Metabolism in Health and Disease; and for a concise but 
liberally illustrated account, to Rose’s Foundations of Nu- 
trition. With such authoritative and up-to-date discussions 
so conveniently available, we here need merely mention any 



Fig. 14. The B^iedict helmet form of respiration apparatus. {Courtesy of 
Drs, F. G. Benedict and T, M, Carpenter.) 


of the factors affecting the basal metabolism which are not 
themselves essentially nutritional. We do not here enter at 
all upon the discussion of pathological conditions; and the 
somew^hat vexed question as to w^hether there is ^‘a racial 
factor” need be mentioned only so far as to point out that 
if a truly racial factor exists it must be a vanishingly small 
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one, when its very existence is still a subject of debate after 
such long and widespread investigation. 

Benedict has concluded that the basal metabolism of an 
individual may be considered as quantitatively determined 
by: (1) the total mass of active protoplasmic tissue; and (2) 
the total stimulus to cellular activity existing at the time 
the measurement of the metabolism was made. Age, under 
such a generalization, becomes one of the factors causing 
variations in the stimulus to cellular activity. 

The difference between boys and girls, in their basal energy 
metabolism per unit of weight or surface, is small in the early 
years but considerable in their teens; after which the differ- 
ence diminishes to something like six per cent as between 
women and men, the latter having the higher rate. 

Body Weight, Surface Area, and Energy Metabolism 

Although loss of heat from the surface of the body is 
usually rather an end-result than a cause of energy metab- 
olism, yet measurement seemed several years ago to have 
established empirically that energy metabolism is quanti- 
tatively more nearly proportional to body surface than to 
body weight. Much use has been made of the “surface area 
relationship” and some authorities treat it as more system- 
atic to express measurements of energy metabolism in terms 
of Calories per square meter of body surface, than per kilo- 
gram of body weight. On the other hand the recently com- 
pleted extensive studies of Benedict* left him skeptical as to 
the soundness of much of the supposed basis for considering 
surface area more significant than weight. 

Inasmuch as among normal grown people the ratios be- 
tween their weights and the ratios between their surfaces are 
not very different, and since any comparison of children 
with adults requires consideration of the age factor anyway, 
we have arranged the present text so that data presented 
either in tem^ of surface or of weight may be used without 
the nec essity of converting one into the other. 

♦Benedict, F. G.. **\^tal Energetics/' Publication No. 503 of the Carnegie 
Institution of Washington, 1938. 
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What Determines the Rate of Energy Metabolism In 
a Given Normal individual at Rest? 

While there is a never-ceasing exchange or transformation 
or metabolism of energy in every living body, the rate of this 
energy metabolism is not constant. It differs between in- 
dividuals, and in the same individual from time to time. 

There is, as yet, no neat, simple, comprehensive answer 
to the question, what determines the rate of energy metab- 
olism; but several factors have been studied quantitatively, 
so that we have well-established information as to which 
are of major, and which of relatively minor, influence. 

Thus to speak of two everyday, voluntary factors we 
may say that for all ordinary conditions the amount of exer- 
cise that one takes has more influence in determining the 
rate of energy metabolism than does the amount of food one 
takes. A healthy person living with a minimum of muscular 
activity and eating enough food for maintenance may be 
metabolizing, say, 1600 to 2000 Calories per 24 hours. This 
rate of energy metabolism per day can easily be increased 
one hundred per cent by exercise, while to double the food 
intake will not increase the 24-hour energy metabolism by 
more than about ten or fifteen per cent. 

But while the food intake is not a major influence in deter- 
mining the rate of energy exchange in the body, still it has a 
measurable effect; and it is not the same for the different 
groups of foodstuffs, nor proportional to their fuel values. 
In other words food intake does act appreciably to increase 
the rate of energy metabolism, and this ^'dynamic"' action is 
^^specifically’* greater for some of the organic foodstuffs than 
for others. 

Specific dynamic action of the foodstuffs. — In the quanti- 
tative study of this relationship, by Rubner and by Lusk 
independently, it was found that when enough food-calories 
for maintenance were fed, in the form of a single foodstuff 
at a time, the 24-hour metabolism was increased over that of 
fasting: 6 to 7 per cent by carbohydrate; 4 to 14 per cent by 
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fat; 30 to 40 per cent by protein. Another way of expressing 
these same experimental observations is to say that less than 
one-tenth of the energy value of the carbohydrate of the 
food, probably about one-tenth of the energy value of the 
fat, and about one-third of the energy value of the protein 
sjDends itself in its spjecific dynamic effect of increasing the 
rate of energy metabolism of the body as a whole and for the 
24-hour day as a whole. In some experiments fat has shown a 
higher and in others a lower effect than carbohydrate, and 
the number of quantitative comparisons has not been large 
enough to justify statistical interpretation. What is really 
“specific” is the higher “dynamic effect” or output of “waste 
heat” which results from protein as compared with either fat 
or carbohydrate- A large amount of investigation and dis- 
cussion has been devoted to this specific dynamic action of 
proteins and of their individual amino acids without any very 
clear-cut or scientifically significant outcome as yet. The 
practical significance thus far apparent is that protein is 
relatively less efficient and more heating as fuel for either 
the internal or external activities of the body than is car- 
bohydrate or fat. This greater production of heat in propor- 
tion as protein is more largely used as fuel may be a source of 
comfort when one is exposed to severe cold, or of discomfort 
in hot weather; but usually it is not of great importance, 
because protein constitutes only about a tenth of the food- 
fuel of a normally-balanced diet. The exceptionally accurate 
measurements of Atwater and Benedict showed only 9 per 
cent of the total food calories expended in the “dynamic 
action” of the body’s direct response to the intake of a mixed 
diet. 

Xhe influence of the habitual level of food intake. — ^Aside 
from the immediate specific dynamic effects of the foodstuffs, 
to what extent does the habitual general level of intake of 
food calories influence the habitual rate of energy metab- 
olism? 

Benedict and his coworkers, studying a group of 12 
healthy young men who voluntarily accepted much-reduced 
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rations during the World War, found that when such 
undemutrition had reduced the body weight by 12 per cent 
it had reduced the rate of energy metabolism of the body at 
rest by 18 per cent. Wliether this was an advantageous 
economy is doubtful. The men remained healthy and able 
to do their accustomed work, but there appeared to be some 
lowering of spontaneous vitality. 

There are al^ well authenticated cases of underweight 
with relatively high energy metabolism which are interpret- 
able in terms of simple absence of adipose tissue and conse- 
quent higher percentage of metabolically active lean tissue 
in the body, as in the lean school children found by Blunt 
to have rates of energy metabolism per kilogram of body 
weight from 16 to 24 per cent higher than children of average 
fatness. That in this case the measured difference in meta- 
bolic rate seems somewhat larger than the probable difference 
in body composition would account for, is easily explainable 
by the probability of higher muscular tone and perhaps 
greater thyroid activity in the thinner children. We shall 
return to the discussion of the thyroid in the chapter on 
iodine. 

Talbot, also, has shown that undemutrition may result 
in either an increase or a decrease of the basal metabolic 
rate, according to circumstances.'*' 

Regulation of Body Temperature 

As warm-blooded animals we have evolved life processes 
which depend upon the maintenance of a fairly constant 
body temperature, and this is above that of our ordinary 
surroundings. To what extent, then, is the energy aspect of 
our metabolism a direct expenditure for the mere purpose of 
keeping the body warm? Certainly much less than is often 
supfx>sed. 

WTien we are comfortably clothed and housed, our body 
temperature is maintained, chiefly or wholly, by the heat 

*Talbot, F. B. 1938 Basal znetaboUsm of imdernaurished girls. Am, J , 
Diseases of Children 56, 61-46. 
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•which is produced as a by-product of the work -which the 
life processes involve anyway. And the heat-regulating center 
in the brain, acting through the nervous and circulatory 
systems, is able to conserve this resource by constricting the 
arterioles in the skin and thus diminishing the heat-loss from 
the surface. This is called -physical regulation, while an in- 
crease of oxidation (burning of fuel foodstuffs) for the direct 
purpose of producing heat as such to keep up body tempera- 
ture is called its chemical regulation. 

For most of us in ordinary daily life, our physical regula- 
tion suffices; only at about the point at which we feel im- 
comfortably chilly, or at which shivering begins, is the 
chemical regulation (burning merely for heat) called into 
play. In fact it appears significant of the body’s habitual 
dependence upon physical regulation that when increased 
oxidation is needed to maintain temperature the mechanism 
of muscle activity is still employed, namely, shivering as an 
involuntary form of muscular work whose function is merely 
to increase heat production. 

The fact that physical reg^ulation very nearly suffices for 
most of us during most of the time does not mean that the 
burning of foodstuffs for heat remains at complete zero, for 
anyone. And such use of food energy value for body heat 
may be a larger factor in children whose muscles are not yet 
fully developed, and in the aged whose muscle-tone is de- 
clining, than in robust young adults. Extreme thiimess also 
may so increase the loss of heat from the body surface as to 
increase the calorie requirement. 

Here as elsewhere the study of nutrition calls for a judi- 
cially balanced habit of thought. Need of heat as such for the 
maintenance of body temperature may at some times and 
fcr some people be a real factor in the energy requirement; 
but the body is not a heat engine , it usually gets enough heat 
in the course of doing its work, and one should not be misled 
by the fact that for convenience we count energy values in 
terms of calories. 
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Energy Values of Foods in Relation to the Metabolism 
of Energy in the Body 

We saw in the last chapter that carbohydrates, fats, and 
the non-nitrogenous cleavage products of proteins all serv^e 
as fuel in the body. We know also that, throughout a very 
wide range (though not quite to an unlimited extent), the 
body can use these different fuel foodstuffs interchangeably 
in meeting its energy needs. And we have seen also how. 


Fig. 15. The Atwater bomb 
calorimeter for determining the 
energy values (heats of combus- 
tion) of foods. It consists essenti- 
ally of a heavy steel bomb, A, 
with a platinum or gold-plated 
copper lining and a cover held 
tightly in place by means of a 
strong screw collar. A weighed 
amount of sample is placed in a 
capsule, B, within the bomb, 
which is then charged with oxy- 
gen to a pressure of at least 20 
atmospheres, closed, and im- 
mersed in a weighed amount of 
water, C . The water is constantly 
stirred and its temperature de- 
termined at intervals by means 
of an extremely accurate and 
sensitive thermometer, D. The 
sample is ignited by means of an 
electric fuse, E, and, on account 
of the large amount of oxygen 
present, undergoes rapid and 
complete combustion. The heat 
liberated is communicated to the 
water in which the bomb is im- 
mersed, and the resulting rise in 
temperature is accurately deter- 
miiied. After appropriate correc- 
tions have been made for loss of 
heat by radiation, heat arising 
from accessory oxidations (the 
oxidation of the iron wire of the 
fuse, etc.), the number of Calo- 
ries arising from the combustion 



of the sample is computed from the rise in temperature of the water surrounding 
the bomb and the heat capacity of the apparatus. 
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thoLigli the body is aot a heat engine, yet the Calorie serves 
as a- conveniexit unit for expression and comparison of food 
ener-gy values and the body’s energy requirements. 

The energy values of many pure foodstuffs have been 
determined by burning weighed specimens in compressed 
oxygen in calorimeters so arranged as to permit the energy 
liberated to be very accurately measured as heat (see Fig. 
15). Thus one gram of pure dry starch yields 4.22 Calories, 
one gram of pure cane sugar, 3.96 Calories. 

A-weraging t:he results for each group of foodstuffs, cor- 
recting in all cases for average losses in digestion, and in 
the case of protein correcting further for the fact that 
oxidation in the body is less complete than in burning with 
oxygen, we obtain the following physiological fuel values: 

Carbohydrate 4.0 Calories per gram or 1814 Calories per lb. 

Fat. 9.0 ‘‘4082 “ “ “ 

Protein 4.0 “ “ “ 1814 “ “ “ 

It: is worthwhile to remember that the values 4.0, 9.0, and 
4.0 were Tiot obtained by “rounding off” the German esti- 
mates of 4.1, 9.3, and 4.1. The German experiments were 
with dogs fed upon diets which yielded less than average 
amounts of intestinal residue. The Atwater and Bryant aver- 
ages of 4.0, 9-0, and 4.0, based upon larger numbers of ex- 
fDeriments, made with men, and in which the diets were much 
more representative of normal human food supplies, are 
therefore the more accurate of the two sets of factors. 
Repeated reinvestigation and critical scrutiny has brought 
no significant modification of these as the most accurate 
aver^^e factors for use in the calculations of human food 
values and nutritional needs. (That the most accurate are 
also the most convenient is only an incidental advantage, 
not the reason for their adoption and continued use.) 

In most cases it is customary to treat all nitrogenous matter 
involved in human dietary calculations as if it were protein. 
Only insignificant errors are ordinarily involved in this simpli- 
fyiagassump^n. Using^the accepted fuel values for protein, 
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fat, aad carbohydrate, respectively, one may readily com- 
pute the energy values corresponding to a given food analysis, 
whether of an individual specimen or an average of many 
specimens of a given kind. In Appendix C of this book there 
are given such average analyses and fuel or energy (calorie) 
values for a considerable number of typical foods. More ex- 
tended tables of such data may be found in larger or more 
technical books on nutrition and in Government bulletins. 

Remembering that food value is something more than a 
matter of calories alone, it is nevertheless worthwhile to 
learn to think in terms of calories and to become familiar 
with the relative fuel values of different types of food. 

Since proteins and carbohydrates have the same average 
fuel value and the ash of food does not often constitute a 
large percentage of its weight, the striking differences in fuel 
values of foods are usually due to differences in water con- 
tent or fat content or both. 

Lettuce is so largely water that as much of it as one would 
eat may furnish fewer calories than the least amount of oil 
which one would eat with it as salad dressing. 

Hundred-Calorie Portions 

Another way of dealing with the fuel value of foods is to 
treat the amount of each food which furnishes 100 Calories 
as a Standard Portion. 

100-Calorie portions of some typical articles of food weigh 
as follows: 

Butter (nearly pure fat) , about 3^ ounce 
Sugar (pure carbohydrate) , about 1 ounce 
Lean meat (essentially protein with three times its weight 
of water) , about 3 to 4 ounces 
Bread, about IH ounces 

Any dry cereal, or flour, or meal, about 1 ounce 
Milk, about 5 ounces (two-thirds of a gla^) 

Cheese, ^ ounce (about 1 inch cube) 

Dry beans, 1 ounce 
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Potato, 5 ounces (one fair sized potato) 

Banana, 5)^ ounces, with, skin (one average sized) 

Apple, 7 ounces, whole (one good sized apple) 

Orange, 9-10 ounces (one large, or two small) 

Prunes, dry, whole, IH ounces (four average sized prunes). 
Large numbers of other examples, including many of cook- 
ed foods and “made dishes,'' may be found in Rose's Labora- 
tory Handbook for Dietetics, 4th Ed. (1937) and in both the 
text and the Appendix of her Feeding the Family, 4th Ed. 
(1940). 


EXERCISES 

1. (a) How many Calories did each of your recorded dietaries 
(daily food intakes) furnish ? 

(i) What was the percentage distribution of each day’s total 
Calories, as between protein, fat, and carbohydrate? 

(The use of Rose’s Laboratory Handbook for Dietetics, 4th Ed., 
1937 (Macmillan) may greatly facilitate these calculations.) 

2. Choose from twelve to forty foods* and {a) compute for 
each the percentage distribution of its Calories as between 
protein, fat, and carbohydrate, (&) arrange them in three lists in 
the order of the relative prominence of protein, fat, and carbo- 
hydrate, respectively (as thus computed with reference to dis- 
tribution of the calories) . 

3. What is the total calorie value for each of your forty foods, 
per lOO grams of edible portion? 

SUGGESTED READINGS 

Benedict, F. G. ' 192S Basal metabolism: The modem measure 
of vital activity. The Scientific Monthly 27, 5-27. 

Cean-ey, M. S., and M. Ahlborn 1939 Nutrition, Revised 
Ed., Chapters II-IV. (Houghton Mifflin.) 

DuBois, E. F. 1936 Basal Metabolism in Health and Disease, 
3rd Ed. (Lea and Febiger.) 

Rose, M. S. 1938 Foundations of Nutrition, 3rd Ed., Chapters 
II-IV. (Macmillan.) 


*TMs Exercise and the similar ones suggested at the ends of some of Uie subse- 
quent diaptors are intended to develop familiarity with the relative values of 
diSoremt foods as K^urces of differ^t nutritive factors. It is suggested that your 
sdbE^rtiem of foods include at least one from eacii of the twelve groups shown in 
Appendix F, and preferably several from some of the groups. 
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Rose, M. S. 1937 Laboratory Handbook for Dietetics ^ 4th 
(Macmillan.) 

Rose, M . S. 1940 '"Fuel for the human machine,” "‘Sources of 
body fuel,” “Measurement of the fuel value of food,” and 
“Measurement of the fuel requirements of the body,” in 
Chapter I of Feeding the Family, 4th Ed. (Macmillan.) 



Chapter V 


HOW TO MEET THE ENERGY NEED AND 
HAVE THE BODY WEIGHT YOU WANT 

As explained in the preceding chapter, we and other living 
things “trade” in energy. It is chiefly because we see “ex- 
penditures” of energy, as in motion or in the giving off of 
heat to its surroundings, that we consider an object to be 
alive. Every living thing, then, is always “spending” energy, 
or, in more precisely scientific terms, is engaged in processes 
which involve transformations of energy. The total energy 
intake required to meet all these expenditures we commonly 
speak of as the energy need or energy requirement of the 
body. Having sketched the scientific foundations of this sub- 
ject in Chapter IV, we now take up its everyday functioning. 

Activity, age, and size are the outstanding factors in 
determining the amount of energy needed by a healthy per- 
son under ordinary conditions of life. 

Mental end Muscular Activity as Factors in 
Energy Metabolism 

Soon after the satisfactory development of their respira- 
tion calorimeter (noted in Chapter IV) , Atwater and Bene- 
dict arranged to have 22 college students (separately) take 
mid-year examinations in this apparatus so that the energy 
metabolism while performing this mental work could be 
measured and compared with that shown by the same 
person for a parallel period at the same time of day, in the 
same physical posture and surroundings, but with no mental 

T4 
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-work to do. There was no marked or constant differe;nce 
in the results. Some students showed a slightly higher, and 
some a slightly lo-wer, energy metabolism while taking the 
examination than in a period of equal length with parallel 
physical conditions without mental demand. If the mental 
work increased energy metabolism in the brain, the quanti- 
tati-ve effect was so small as to be lost in the una-voidable 
fluctuations that occurred in the muscles. Even the brainiest 
person has many-fold more pounds of muscle than of brain, 
and sp>ends many hundreds of Calories per day in muscular 
tension or tone. That some students spent more energy dur- 
ing their examination was probably mainly because their 
muscles as well as their minds were more tense during the 
ordeal than on the day of rest. And that some other students 
showed decreased energy expenditure during the examina- 
tion-period was probably because they were so well-prepared 
and self-disciplined that the more they concentrated their 
minds upon the examination-questions the more completely 
their muscles relaxed. 

The factor of muscular tension was probably more per- 
fectly controlled in the later experiments of Dr. and Mrs. 
Benedict. In repeated experiments the Benedicts were able 
to demonstrate an increase of energy metabolism during 
periods of mental work. But the difference was so slight 
that -they decided to make clear its smallness by reporting 
that the extra energy involved in an hour of mental work 
was no more than is furnished by half a peanut. 

Thus the contrast between mental cind muscular work is 
very pronounced, so far as its quantitative effect upon energy 
metabolism is concerned. 

In the healthy adult, muscular acti-vity is usually the 
largest variable factor in determining the rate of energy 
expenditure. 

The average-sized man who spends about 100 Calories per 
hour when sitting still will (for the time being) approximately 
double this rate of expenditure if he simply strolls around the 
room, or treble it if he walks -rigorously. 
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Moderate use of large muscles may easily involve a greater 
expenditure of energy than does the most intense use of a 
set of much smaller muscles. Thus the slowest walking will 
probably involve a larger output of calories per hour than 
the fastest t 3 T)ewriting. 

Typical findings of energy metabolism per hour in healthy 
grown people differently occupied are shown in Table 1 (by 
courtesy of Dr. M. S. Rose). 

Total Energy Requirement of Adults 

By the use of such data as those in the accompanying 
table, the probable food requirement for a person of 70 kilo- 
grams (154 pounds) may be calculated very simply, as, for 
instance, in the following example: 

8 hours of sleep at 65 Calories =520 Calories 

2 hours’ light exercise* at 170 Calories =340 Calories 
8 hours’ carpentry work at 240 Calories = 1920 Calories 
6 hours’ sitting at rest at 100 Calories = 600 Calories 

Total food requirement for the carpenter, 

per day, 3380 Calories 

It may be of interest at this point to make a similar calcu- 
lation for one’s own case, and compare the outcome with the 
estimates for typical occupations below. 

For a healthy grown person of normal physique but materi- 
ally larger or smaller than 154 pounds (70 kilograms) weight, 
similar calculations can be based upon the data in the per- 
kilcgram or per-pound columns of Table 1. Among such 
people, at least, the differences between their relative 
weights and their relative surface areas are not so large as 
to demand the figuring of the data to a surface-area basis. 

Neither is it necessary for everyday purposes to make 
any further difiference in energy allowances for men and 
for women than simply to credit each with his or her actual 
bodily size and occupation. 


♦Going to and from work- for example. 
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Table 1. — Energy Expenditure per Hour Under Different 
Conditions of Muscular AcTmTY 



Catories per Hour 

Fokm of Activity 

Per 70 

Per 

Per 


EZilogframs 

Kilogram 

Pound 

Sleeping 

65 

0.93 

0.43 

Awake l 3 dng still — 

77 

.10 

0-50 

Sitting at rest 

100 

.43 

0.65 

Reading aloud 

105 

.50 

0.69 

Standing relaxed 

105 

.50 

0.69 

Hand sewing 

111 

.59 

0.72 

Standing at attention 

115 

-63 

0.74 

Knitting 

116 

.66 

0.75 

Dressing and undressing 

118 

.69 

0.77 

Singing 

122 

1.74 

0.79 

Driving automobile 

133 

1.90 

0.86 

Typewriting rapidly 

140 

2.00 

0.91 

Dishwashing 

144 

2.06 

0.93 

Ironing 

144 

2.06 

0,93 

Laundry, light 

161 

2.30 

1.04 

Sweeping 

169 

2.41 

1.09 

Walldng, 2.6 miles per hour 

Carpentry, metal working, industrial 

200 

2.86 

1.30 

painting 

240 

3.43 

56 

Bicycling, moderate speed 

245 

3.50 

59 

Dancing, waltz 

280 

4.00 

82 

Walking, 3.75 miles per hour 

300 

4.28 

95 

Dancing, foxtrot 

336 

4.80 

2.18 

Walking down stairs 

364 

5.20 

2.36 

Horseback riding, trot. 

371 

5.30 

40 

Sawing wood 

480 

6.86 

12 

Swimming 

500 

7.14 

25 

Running, 5.3 miles per hour 

570 

8.14 

70 

Walking, 5 .3 miles per hour 

650 

9.28 

22 

Walking up stairs 

1100 

15.8 

7.18 

Rowing in race 

1190 

17.0 

7.65 
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The following are typical expert estimates of the energy 
need of the 24-liour day: 

Lusk estimated that, — 

A seamstress sewing with a needle required 1800 Calories; 

Two seamstresses, using a sewing machine, required 1900 
and 2100 Calories, respectively; 

Two bookbinders required 1900 and 2100 Calories; 

Two household servants, employed in such occupations as 
cleaning windows and floors, scouring knives, forks, and 
spoons, scouring copper and iron pots, required 2300 to 
2900 Calories; 

Two washerwomen, the same servants as the last named, 
required 2600 and 3400 Calories in the fulfillment of their 
daily work. 

According to Tigerstedt, — 

2(K)0-2400 Calories per day suffice for a shoemaker; 
2400-2700 Calories per day suffice for a weaver; 

2700-3200 Calories per day suffice for a carpenter or mason; 
3200-4100 Calories per day suffice for a farm laborer; 
4100-5000 Calories per day suffice for an excavator; 

Over 5000 Calories per day are required by a lumberman. 

It is of course to be kept in mind that only the well-muscled 
and well-trained person is in position to transform as much 
energy in a day as does an excavator, a longshoreman, or a 
lumberman. The most active exercise that a man of sedentary 
occupation would be apt to take for pleasure, even in com- 
petitive sports, would probably put him in the 3000-4000 
Calorie per day class. 

While the more technical books have much to say about 
the differences in energy requirements between men and 
women, partly on the ground of studies of basal metabolism 
and partly because of the relatively great demands of heavy 
muscular work, it is worth while on the other hand to say 
that a large proportion of both men and women have 
energy needs not far from a range of about 2200 to 2800 
Calories per day. Women take more, exercise than formerly, 
are often less sedentary than the men working in the 
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same offices, and many do housework in addition to 
the duties of full-time employment outside of the home. 
^Meanwhile it is a steadily decreasing proportion of men who 
are engaged in heavy physical toil, and this trend will 
doubtless continue with the increasing use of labor-saving 
machinery in all kinds of occupations. 

Worry, anxiety, nervous strain, may increase muscular 
tension and decrease the efficiency of muscular work, both 
of which effects would tend to increase energy requirement. 

But (as we saw in Chapter IV) one's feeling of fatigue may 
bear but little relation to the number of calories spent. One 
may be greatly fatigued by a day of either hand- or type- 
writing; but it may not involve as much energy expenditure 
as a day of recreation. 

For guidance in the practical planning of food to meet 
the needs of people of different ages and types, and at differ- 
ent cost levels, Rose's Feeding the Family is especially 
recommended. 

Exercises in the planning and evaluation of dietaries from 
the viewpoints of different aspects of nutrition are suggested 
at the ends of several of the chapters of the present book. 
If at this stage you are undertaking an exercise in which 
only the calories of the diet are specified, it is nevertheless 
well to realize even from the start that every dietary should 
be well-balanced with respect to other nutritional essentials 
also. 

Closely connected with the question of the calories-per- 
day called for by one's size and occupation, is the question 
of the control of body weight. 

Food Calories and fhe Control of Body Weight 

While the body's weight may sometimes be significantly 
influenced by its water balance, in the vast majority of cases 
over-weight means over-fatness. 

We have seen that surplus calories of ingested food, 
whether taken in the form of protein, fat, or carbohydrate, 
tend to accumulate in the form of body fat. And over-fatness 
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always means that the intake of food calories has been out 
of proportion to the expenditure of energy by the person con- 
cerned, Undoubtedly there is more tendency to overweight 
in some people than in others, and undoubtedly, too, this 
sometimes extends beyond the question of appetite to endo- 
crine and perhaps other constitutional differences; yet the 
fact remains that for the indimdtml the control of body weight 
is essentially a matter of a proper balance between what is 
ingested as food and what is oxidized in the energy metab- 
olism. If one tends to become too fat, the remedy is to eat 
less or to bum more, or both. 

^ To increase basal metabolism by administration of thy- 
roid, th3n-oxine, or any artificial dmg designed to increase 
oxidation is too dangerous for any except very rare cases 
under strict medical control. 

To increase the energy metabolism by muscular exercise 
is probably beneficial in a fair proportion of cases but is apt 
to be an arduous process of weight reduction, especially as 
exercise usually increases the appetite. Moreover, increased 
nnuscular exercise in the obese may endanger the heart. So 
it is often comforting to remember the principle expounded 
by M. S. Rose that '*the only form of exercise essential to 
the control of body weight is the exercise of the intelligence.” 

The scientific attitude does not simply ask, Is this food 
fattening?, nor even simply. How fattening is it?, but both 
How does it stand as a source of calories? and How important 
is it as a source of protein and of the needed mineral elements 
and vitamins? If a slogan must be carried in mind, perhaps, 
calories without vitamins,” is as good a precept as any. 

Almost always the desirable degree of reduction of calorie 
intake can be made among the foods that are not important 
sources of mineral elements and vitamins, and it is among 
such foods that the ''cutting out” or the "cutting dowi^” 
Should be done. 

One should not proceed too drastically, nor should one be 
discouraged or confused by ^ort-time fluctuations of body 
weight. Not only may the body gain or lose a few pounds of 
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water without apparent reason or effect upon health, but 
also the fluctuations in the body's glycogen content influence 
its water content at the same time, each gram of glycogen 
being usually accompanied by about three grams of water. 
Thus 400 Calories gained or spent in the form of 100 grams 
of glycogen may quickly change the body weight about 400 
grams, while the gain or loss of this weight of fat would in- 
volve about 3600 Calories. 

Keeping in mind therefore that sudden fluctuations of a 
few pounds do not call for any change of plan, and that any 
weight-reduction plan should aim not at rapidly spectacular 
results but at steady moderate progress, it is well to deduct 
about 500 Calories from the daily intake which would pre- 
sumably keep the body weight constant. 

A withdrawal from bodily stores of 500 Calories per day 
or 3500 Calories per week will normally mean the burning- 
off of about 380 grams of actual fat. And this will mean a 
reduction of body weight by about one pound of adipose 
tissue; for adipose tissue is about four- fifths actual fat and 
about one-fifth water. Thus the daily deficit of 500 Cal- 
ories reduces body weight about one pound per week, and 
this is about as rapid a reduction as one should attempt 
unless under constant medical advice and observation. 

To what extent is the body weight a health problem, and 
to what extent is it merely a question of style? The evidence 
seems indubitable that a large proportion of young women 
do keep themselves thinner than is best for health, happiness, 
efficiency, and longevity. 

Those whose body weight is below that shown by the 
standard average tables for their height and for the age of 
thirty years, will generally be wise to build up their weight 
to this standard. Extreme thinness is a real hazard, and 
cpe which very few people need incur. The rational culti- 
vation of a good appetite usually require only a little 
intelligmce, and w^ell rewards it. As Professor Mary S. Rose 
has emphasized, underweight collie women commonly re- 
gard themselves as well, and then are surprised to find how 



82 


ESSENTIALS OF NUTRITION 


much better they feel, and how much less subject to fatigue, 
when they begin to gain weight. 

A moderate store of body fat is a real asset, and not simply 
as stored fuel. As briefly noted above, the two chief regions 
of storage fat are (1) within the abdominal cavity, and 
(2) directly beneath the skin. In both of these locations it 
performs important functions. The intra-abdominal fat 
serves as packing and support for the kidneys, and doubtless 
to some extent for other vital organs as well. Socalled 
floating kidney is largely due to the lack of a sufficient 
nonrial “packing” of fat around the organ to give it proper 
supp>ort and keep it steady in its place. The usefulness of the 
subcutaneous fat is at least two-fold. It protects the muscles 
from bruises, and it tends to protect the body as a whole 
from the effects of sudden changes in the temperature of 
its surroundings, and to aid in conserving body heat against 
a cold environment even for a longer time. Thus a moderate 
amount of body fat is an important part of one’s protection 
against the chilling of the vitail organs — ^and such chilling 
means not only discomfort, it means also increased danger 
of disease. 

Underweight, therefore, espedally in yoimg people, is a 
condition calling for remedy; and the remedy is, of course, 
nutritional. Calorie intake should be increased, gradually 
but systematically, until there is built up a sufficient store 
of body fat to bring the weight to the standard for the 
height and for age 30. (See accompanying Table 2 based 
on data published by the United States Public Health Serv- 
ice. Note that in this table the height includes ordinary 
shoe-heels and weight includes ordinary indoor clothing.) 

In cases in which either lack of appetite or a subnormal 
digestive capacity makes the taking and digesting of suffi- 
cient fcKod a real problem, attention should be given to such 
selection of food and arrangement of meals as to stimulate 
the apjjetite and avoid overburdening the digestive appara- 
tus, and care should also be taken that there is suffident 
out-door life, and sufficient ventilation indoors, to develop 
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Table 2. — ^Weight for Height as of Age 30 


Height 

WOMEK 

Men 

4 ft. 8 in. 1 

112 ; 


4 ft. 9 in. 

114 


4 ft, 10 in. 

116 


4 ft. 11 in. 

118 


5 ft. 0 in. 

120 

126 

5 ft. 1 in. 

122 

128 

5 ft. 2 in. 

124 

130 

5 ft. 3 in. 

127 

133 

5 ft. 4 in. 

131 

136 

5 ft. 5 in. 

134 

140 

5 ft. 6 in. 

138 

144 

5 ft. 7 in. 

142 

148 

5 ft. 8 in. 1 

146 

152 

5 ft. 9 in. 

150 

156 

5 ft. 10 in. 

154 

161 

5 ft. 11 in. 

157 

166 

6 ft- 0 in. 

161 

172 

6 ft. 1 in. 


178 

6 ft. 2 in. 


184 

6 ft. 3 in. 


190 

6 ft. 4 in. 


i 196 

6 ft. 5 in. 


201 


and support a good appetite; that fatigue of any kind or at 
any time is avoided; that provision is made for complete 
rest before and after meals; and that the meals consist 
largely of fruits, vegetables, and milk as well as more con- 
centrated foods. 

The proper nutrition of an underweight person is only in 
part the reverse of the proper correction of overweight, be- 
cause in both cases the calories in the food and the fat in 
the body while prominent in the problem do not tell the 
whole story. Such important protective foods as fruit and 
milk should be fairly prominent in both the fattening and 
the reducing types of diet. The late Dr. L. H. Peters par- 
ticularly commended to those on reducing diets liberal serv- 
ings of salad dressed with che^e and vinegar instead of any 
dressing made with oil. 
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The principle embodied in the preceding paragraph, — 
adjustment of food calories without sacrifice of natural food 
values, — ^is of very far-reaching importance, and its practical 
application is often almost absurdly simple. Thus one may 
eat a good-sized (thoroughly washed) raw apple with an 
intake of only about one hundred Calories and with all the 
mineral elements and vitamin values that such an apple 
brings; while a baked apple, of the same size will probably 
have at least another hundred Calories of added sugar. So 
for one who wishes to reduce there is a large advantage in the 
raw apple. To a still greater extent is the apple “diluted with 
foreign calories” when it is eaten in the form of apple pie. 
A raw apple instead of an average piece of apple pie will 
mean more of actual apple (with all of its nutritional 
virtues) at the same time with a greatly reduced calorie 
intake. Probably every apple calorie in the pie is diluted 
with at least three or four foreign calories of sugar, flour, 
and fat. This principle of avoidance of culinarily-added 
calories need only be applied to a moderate proportion of 
the items in a day’s food in order to effect a considerable 
change in the calorie intake while fully maintaining or 
even increasing the protein, mineral, and vitamin values. 
The interested student can readily set down in parallel 
columns two food plans for a day each having the same num- 
ber of items and variety of flavors and essentially the same 
amounts of the protective foods of high mineral and vitamin 
value, but with widely different total calories according as 
the foods which “bring calories without vitamins” are used 
in larger or smaller amounts. 

Obviously the present discussion relates only to the problem 
of relatively permanent adjustment of the body’s energy 
intake and output, and not to spectacular dieting campaigns 
of a few days’ duration. To attempt a critique of the latter 
would not be within the scope of this book. Also we shall 
not take space here for any more detailed consideration of the 
relation of body weight to general wellbeing, especially as 
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one of the present writers has discussed this in his book en- 
titled Food and Health. 

The little bulletin by Professor Harriet Barto on Sane 
Reducing Diets and How to Plan Them^ is excellently concise 
and scientifically sound; and in her book entitled Feeding 
the Family Dr. M. S. Rose includes full and careful accounts 
and discussions of feeding both for increase and for reduction 
of body weight. 

Energy Needs During Physical Development 

Investigations of young infants regularly show them to 
give off at least twice as much energy per unit of weight as 
their mothers do. This is partly explainable on the ground of 
size; for as between a baby and a grown person the ratio of 
surface to weight is very different, and, as energy metabolism 
is more nearly proportional to surface than to weight, the 
baby’s larger surface per pound would of itself mean more 
calories per pound. Also, children soon begin to take active 
exercise. Their crying and kicking may add from 25 to 100 
per cent to the 24-hour calorie requirement; and by the time 
this stage of their development is over, the run-about stage 
has begun. Most grown people would find their muscles 
overworked if they tried to repeat their children’s physical 
activities. And thirdly, the child’s food requirement is 
further accentuated by the fact that the intake must not 
only cover the output but provide also for the retention by 
the body of the food substances which become tissue material 
in the processes of growth. 

In a more technical treatise on nutrition, or in a hand- 
book of practical dietetics, there would here follow a more 
or less elaborate derivation of children’s energy requirements 
or of the planning of meals to meet them, or both. For the 
more concise purpose of the present writing it is deemed 
sufficient to indicate the net results of investigations of the 
daily n^ds for energy at diff^ent ag^ in Table 3 and an 
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expert recommendation, of the proportions in which to draw 
the needed calories from the chief types of food at different 
ages in Table 4. 

It should be carefully kept in mind that Table 4 is designed 
to serve the largest possible proportion of people and there- 
fore concedes as much as practicable to the need for pecuni- 
ary economy as well as to custom. For this reason and also 
because of our steadily advancing knowledge, the ideal 
dietaries planned today may well use such ^'protective” 
foods as fruits and milk even more liberally. 

Energy Mefabolism in Middle-Aged and 
Elderly People 

Emerson was sixty-three when he wrote with reference to 
his age, "It is time to take in sail.” How shall we translate 
his poetic expression of physiological experience into terms 
of the energy metabolism? 

First of all it should be emphasized that physically, and 
to an even greater extent mentally, people differ in their 
reactions to the passage of years. Some are younger at seventy 
than others are at sixty, and the difference while largely con- 
stitutional is also doubtless due in greater measure than pre- 
viously believed, or yet generally appreciated, to the internal 
environment induced and maintained by one^s daily choice 
of food. 

But somewhere between the ages of fifty and seventy the 
energy metabolism may be expected to show significant 
diminution from the young-adult levels with which most of 
the preceding text has been concerned. Strictly speaking, 
the generally accepted normal standards for basal energy 
metabolism show a slight gradual diminution from the Teens 
onward; but this is insignificant compared with the differ- 
ences in total energy metabolism resulting from differ- 
ing muscular activity. When, somewhere in middle or ad- 
vancing age, the effect of diminishing muscular activity 
is added to that of the slow decline in basal metabolism, the 
result is a significant decrease in the number of food-calories 
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Table 3.— Food Allowances for Children of About Average Weight 

FOR Their Age 


(Based on Gillettes Food Allowances for Healthy Children and Rose’s Labo- 
ratory Handbook for Dietetics.) 


Age 

Years 

Calories Per Day 

Boys 

Girls 

1 

900-1200 

800-1200 

2 

1100-1300 

1000-1250 

3 

1100-1400 

1050-1350 

4 

1200-1500 

1150-1450 

5 

1300-1600 

1200-1500 

6 

1500-1900 

1450-1800 

7 

1600-2100 

1500-1900 

8 

1700-2300 

1600-2200 

9 

1900-2500 

1800-2500 


2100-2700 

1900-2600 

11 

2100-2800 

2000-2800 

12 

2300-3000 

2100-3000 

13 

2500-3500 

2300-3400 

14 

2600-3800 

2400-3000 

15 

2700-4000 

2400-2800 

16 

2700-4000 

2250-2800 

17 

2800-4000 

2250-2800 


Table 4. — Proportions in Which to Draw the Needed Calories 
FROM the Different Types of Food, as Suggested by M . S. Rose (1940) 


Class of Food 

Per Cent of Total Calories in Dietary 
OF Child, Aged: 

1 

1-2 

Years 1 

! 

3-5 

Years 

6-7 

Years 

8-9 

Years 

10-12 

Years 

I. Food from cereal grains. . 

16 

18-20 

22 

21 

20 

IL Milk.... 

67.5 

45-55 

45 

40 

34 

III. Vegetables and fruits 


16-22 

16 

18 

20 

IV. Butter. 

3 

4-8 

10 

12 

14 

V. Sugar and other sweets. . . 
VI. Eggs, cheese, meat and 

1 

1-3 

3 

4 

6 

other flesh foods ... 

2.5 

3.5 

4 

5 

8 
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needed per day. Probably 1500 to 2000 Calories per day, 
depending upon size and musculature, will meet tbe energy 
needs of most people of seventy and over. Quantitative 
statements, however, can not be made with confidence be- 
cause the relatively few cases which have been studied ac- 
curately and systematically show considerable individual 
differences, and there probably is and will be somewhat 
less average difference in activity between men of fifty and 
of seventy than in the past, as the occupations of middle 
life are less muscular and the grandfather of today and 
tomorrow may be expected to retain the activity of early 
middle age through a longer term of years. 

EXERCISES 

1. Compute your Calorie requirement per 24-hour day, from 
your body weight and the number of hours you spend in different 
activities. 

2. Plan a day’s dietary to meet your computed Calorie require- 
ment, choosing the foods from among the forty with which you 
have familiarized yourself in the Exercises of the preceding 
Chapter. 

3. How would you change the dietary planned in Exercise 2 
to make it a reducing dietary with about 500 Calories less of 
total energy value? 

4. A student 20 years old and 5 ft. 5 in. tall is underweight. 
Modify the dietary planned in Exercise 2 above so as to build up 
the body weight of this student. Is the “fattening” diet you have 
thus planned appetizing? Is it comfortably digested? Is it reason- 
ably economical in cost? 

5. How many Calories of food per day would you allow for a 
family consisting of a bookkeeper of 45 (weight 155 lbs.); wife of 
40 (weight 125 lbs.) who does all of the housework; a girl of 15, 
a boy of 13, and a boy of 1 1 , all of average size for their ages and 
all attending school? 

SUGGESTED READINGS 
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Chapter VI 


HOW TO MEET THE NEED FOR PROTEIN 

Proteins are the principal organic constituents of the ac- 
tive tissues of the body, and since the body can form these 
indispensable substances only from the digestion-products 
of food proteins, the ''protein problem” has been and is of 
outstanding interest to students of nutrition. 

Nutritional Functions of the Dietary Protein 

As we saw in Chapter III, the large, complex protein mole- 
cule is resolved (hydrolyzed, "broken down”) by the digestive 
processes essentially to amino acids, the simple units of which 
it is composed. 

Every protein yields on hydrolysis at least several different 
kinds of amino acids; and not less than twenty-one amino 
adds are now recognized as commonly received by the body 
from its protein food. The names of these twenty-one are as 
follows: glycine (glycocoU), alanine, valine, leucine, isoleu- 
dne, norleudne, phenylalanine, tyrosine, serine, threonine, 
cystme, methionine, aspartic add, glutamic (glutaminic) 
add, hydroxyglutamic add, arginine, lysine, histidine, pro- 
line, hydroxyproline, and tryptophane. The chemical names 
and structural formulae of these amino adds are given in 
Chapter IV of Sherman’s Chemistry of Food and Nutrition, 

It is essentially in the form of amino acids that food pro- 
teins are absorbed from the intestinal tract and carried to 
the ti^u^ where they are used. Indeed, W. C. Rose of the 
Undverdty of Illinois has demonstrated that a suitable mix- 
ture of amino acids is a nutritionally satisfactory substitute 
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for protein even in the diet of young, growing experimental 
animals. He has shown also that if any one of ten socalled 
“nutritionally essential” amino acids is lacking in the amino- 
acid mixture, normal growth will not occur. But if all ten 
of these are provided in suitable amounts, the body can 
form from them the remaining amino acids which enter into 
the composition of its proteins. The ten amino acids now 
called “nutritionally essential,” in the sense that they must 
be furnished through the nutriment, are: 

Arginine M ethionine 

Histidine Phenylalanine 

Isoleucine Threonine 

Leucine Tryptophane 

Lysine Valine 

From the amino acids which the blood distributes, the 
organs and tissues synthesize the numerous body proteins 
upon which depend so many aspects of the life process. For, 
not only are proteins essential components of all proto- 
plasm, and the most abundant constituents of the active 
tissues; they and their derivatives have other highly signifi- 
cant functions. Many of the enzymes and other catalysts 
which the body makes, it makes either vrholly or in part 
from the digestion-products of the food proteins. Moreover 
the hemoglobin in the red blood cells, which transports 
oxygen from the lungs to the tissues where it is needed, is a 
protein. And, throughout the body, proteins in solution play 
an essential part in maintaining neutrality and in controlling 
the distribution and exchanges of the body water. 

In addition to their use for the synthesis of proteins, some 
of the amino acids go into the formation of less complex sub- 
stances, such as glutathione (which contains the amino 
acids glycine, cystine, and glutamic acid); and the hormones 
epinephrine (“adrenaline”) and thyroxine (which are related 
to the amino acid t3U‘osine) . 

Secretin, which was mentioned in Chapter III as the hor- 
mone which serves as the “messenger” from the stomach to 
the pancreas in digestion , has also been found to be an amino- 
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acid derivative. It is classed as a polypeptide, being inter- 
mediate in molecular size between such a chemically simple 
hormone as thyroxine, and, on the other hand, such typi- 
cally protein substances as pepsin and trypsin. 

The amino acids in excess of those required for the specific 
functions of the building or repair of body proteins or the 
formation of other nitrogenous metabolites, are deaminized 
(lose their amino groups) and the remaining fragments are 
burned to yield energy or converted into body fat. But, 
since we know that carbohydrate and fat may fully meet 
the body’s energy requirement, this is not to be regarded as 
a specific function of the dietary protein in the same sense 
as those functions discussed in the preceding paragraphs. 

Facfors Detennining the Nutritive Value of Proteins 

It has long been recognized that all proteins are not of the 
same value in nutrition. Thus, in 1872 Voit found that the 
protein gelatin could not be substituted for meat protein in 
the diet of dc^ without the loss of body protein. Later, 
Osborne and Mendel, in some of the early work using rats 
as tools* for nutrition research, compared the nutritive ef- 
fectiveness of a number of purified proteins (Fig. 16). They 
found, for example, that when the only protein in the diet 
of young rats is casein the animals are able to grow normally. 
WTiile if gliadin, one of the proteins of wheat, is given in 
place of casein the animals, although they maintain their 
body weight (and stores of protein) , grow little or not at 
all- If, however, zein, one of the proteins of com (maize), 
is the Mily protein fed , the animals lose weight and die. When 
tr 3 q>topliane, an amino add not present in zein, but found in 
casein and in gliadin (and also in maize proteins other than 
^in), is given in addition to zein, rats may be able to main- 
tain their body weight although they cannot grow. But if 
lyane, another amino add which zein lacks, is further given 

eaqperimmtal animal is only a toc^ or instrument of researdi. when the 

are tliose d human nutrition; but it may be wdl to emphasize at this 
pc^ tht fact that the chmnistry erf the protmn metabolism has been studied in 
ccm^iidezahie detail and foundl to be strikingly parahel in human and rat nutrition. 
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in addition to the protein zein and the amino acid trypto- 
phane, the rats are enabled to gain weight rapidly (See 
Fig. 17). 

Correspondingly, an explanation of the fact that gliadin 
as sole protein in the diet suffices for maintenance but can- 
not promote normal growth is suggested by the finding that 



Fig, 16. Effect of the kind of protein in the diet on the rate of growth. Body 
weight curves of typical rats on diets otherwise similar and adequate but con- 
taining in each case only a single protein, casein, gliadin, or zein, fed at the 
same liberal level, 18 per cent of the food mixture. (From the experiments of 
Osborne and Mendel.) 



Fig. 17, Effect of adding to a diet containii^ zdn as sde protein 
the amino acids ly^e and tryptoj^iane: showing that a “nutrition- 
ally incomplete” protdn can support growth whai supplemented 
by the essantial amino adds which it lacks. (From the experiments 
O^xxme and M^dd.) 
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this protein contains only a very^ small quantity of the amino 
acid lysine. Osborne and Mendel observ-ed actually that 
gliadin fed with supplementary’' amounts of lysine affords 
an amino-acid mixture fully^ satisfactory to meet the needs 
of a normal rate of gain in Ixxiy weight. 

These and many other instances in which chemical studies 
of the amino-acid composition of a protein were correlated 
with nutritional studies of its effectiveness in meeting the 
body’s protein requirement have shown clearly that the nu- 
tritive value of a protein depends primarily upon the 
kinds and relative proportions of the amino acids into which 
it is resolved by digestion. (There are a few cases in which 
^condary factors may have some nutritional significance; 
but they are not of sufficient importance to warrant discus- 
sion here.) 

More About Nutritionally Essential Amino Acids 

Out of such studies grew also the concept that — while some 
twenty or more individual amino acids comprise the body 
proteins, each of which amino acids is in this sense essential 
to the body structure — only certain specific ones of these are 
mdriiicnmlly essential {nutritionally indispensalle^ in the sense 
that they must be supplied by the nutriment before the body 
can grow" (form new- protein) at a normal rate, whereas 
others need not be supplied by the food since they can be 
derived from other materials ordinarily available within the 
body. For instance, the amino acids glycine, tryptophane, 
and lysine are absent from the protein zein. As we have seen 
(Fig. 17), the feeding experiments with zein as sole dietary 
protein afford evidence in favor of classifying tryptophane 
and lysine as nutritionally indispensable, for growth occurs 
only when both of these amino acids are fed in addition to 
zein. Glycine, on the other hand, appears from this experi- 
ment to te nutritionally dispensable, inasmuch as a zein- 
lysine-tryptophane mixture which supplies no glycine can 
nevertheless satisfy the amino-acid requirements for normal 
growth. 
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However, there are not many instances where the nutri- 
tional indispensability of an amino acid can be tested so 
simply as that of the three just discussed. Known cases of 
complete absence of one or two amino acids from an otherwise 
satisfactory protein are comparatively rare; and, further- 
more, the chemical methods for the detection of many of the 
amino acids are not extremely delicate, so that apparent lack 
of one of these amino acids from a protein under investigation 
might indicate simply that the amino acid is present in 
low concentration. For it is evident that, while it may be 
possible to show that a given amino acid is nutritionally 
essential without having excluded it altogether from the basal 
diet, one cannot conclude that a given amino acid is ^/nutri- 
tionally essential unless it can be established that normal 
growth is possible on a diet which is beyond doubt com- 
pletely devoid of the amino acid in question . Otherwise the 
possibility remains that the organism does require a dietary 
supply of the amino acid but that the amounts needed are so 
small that they can be satisfied by the very low concentration 
afforded by the basal diet. 

It has therefore been necessary to find other means for 
effectively excluding from the diet the amino acid whose 
status is under investigation, while supplying to the experi- 
mental animal all of the other factors required for normal 
nutrition. The attainment of this objective, and the resulting 
classification of the known amino acids as “nutritionally 
essential’’ or “nutritionally dispensable,” is largely the result 
of many years devoted to this field of investigation by 
William C. Rose and his associates at the University of Illi- 
nois. These investigators put together mixtures of purified 
amino adds in the proportions in which they were supposed 
to occur in some nutritionally “complete” proteins; with the 
idea that such a mixture when introduced in place of protein 
into an otherwise suitable diet should permit normal growth, 
and that one might then proceed to investigate the nutritive 
importance of individual amino adds by omitting them, one 
by one, from the mixture and ascertaining the effect of this 
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change upon grow’th. Casein ^vas chosen as a pattern to be 
followed in compounding such a mixture of amino acids; but 
it was soon found that all of the then knovm amino-acid com- 
ponents of this protein fed together in the appropriate pro- 
portions failed to support good growth, although, under 
otherwise identical conditions, casein itself gave excellent 
results. The search for an explanation of this observation led 
ultimately to the discover^’ of the amino acid threonine which 
had not hitherto been identified as a component of proteins. 
This discovery — in itself of the greatest scientific interest — 
solved the final difficulty in the w'ay of preparing a synthetic 
mixture of purified amino acids which can fully meet the 
nutritional need for protein. Then, by successively excluding 
one or another amino acid. Rose was able to show that ten 
amino acids satisfy his definition of “an indispensable dietary 
component as one which cannot be synthesized by the animal 
organism , out of the materials ordinarily available at a speed 
commensurate with the demands for normal growth.” These 
are the ten nutritionally indispensable or “nutritionally es- 
sential” amino acids listed above (p. 91). 

Though it is true that the body can get along on amixture 
of just these ten amino acids, it is not true that the nutritive 
value of a protein can be interpreted fully in terms of the 
amounts of these amino acids which it supplies. For the 
essential amino adds may be thought of as used in two dis- 
tinct viays: 

(1) unchang^, as building stones for body proteins, en- 
zymes, etc., for which purpose, obviously, the particular 
indispensable amino add and it alone may be used; 

(2) as precursors, from which are formed the socalled dis- 
pensable amino adds. 

It would seem logical to expect that the amounts of the in- 
dispensable amino adds which are required will be increased 
in proportion as the dispensable amino adds of which they 
are precursors are lacddng in the food; and conversely, the 
need for them should be somewhat diminished if the diet 
provkles liberal amounts of the socalled dispensable adds. 
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WTiether or not this merits consideration from a practical 
point of view will depend upon how specific is the relation- 
ship between indispensable and dispensable aminoacid.lt 
is shown to be of great importance in the case of the sulfur- 
containing amino acids, methionine and cystine. According 
to the usual definition, methionine is characterized as in- 
dispensable, cystine as dispensable. Methionine, however, is 
the only known material ordinarily presented to the body 
from which cystine may be formed. Thus, of all the usual 
dietary constituents, methionine alone can fulfill the bodily 
functions for which methionine itself is required; and only 
methionine or cystine can supply the cystine needed for body 
processes. What, then, if a diet supplies a limited amount of 
methionine — enough, let us say, to meet the growth require- 
ments for methionine per se but not sufficient to provide the 
needed cystine? Whether or not growth can occur under such 
circumstances will dejrend directly up)on the amount of cys- 
tine which the diet supplies. In such a case, a socaJled nu- 
tritionally dispensable amino acid may be the very factor 
upwn which the nutritive value of the diet depends! This is 
illustrated, for example, by Osborne and Mendel’s experi- 
ments with low-casein diets (Fig. 18) . 

How May the Nutritive Value of a Protein be Assessed? 

Except for a few cases presenting abnormalities or partic- 
ular difficulties in digestion, it is now believed that the nutri- 
tive values of the food proteins dep)end (as has already been 
intimated) essentially upxon the kinds of amino-add radides 
which they contain and the quantitative proportion of each. 
As yet, however, methods for the detection and determina- 
tion of the individual amino acids are still being p>erfected. 
Present knowledge is extensive and highly significant; but 
it is certain that many of the quantitative data are subject 
to improvement in precision. Furthermore, there is still a 
great deal to be learned about the relative proportions of the 
amino acids that are needed. 

Hence, at the present time, we interpret nutritional differ- 
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ences among proteins essentially in terms of their amino-acid 
make-up; but it is not yet safe to predict quantitative differ- 
ences in nutritive value on the sole basis of the data obtain- 
able in miro. Empirical determinations of nutritive values 
by means of quantitatively conducted feeding experiments 



Fig. 18. Effect on growth of reducing the propor- 
tion of casein in the diet; and of feeding the amino 
acid cystine in addition to the lower level. This ex- 
periment of Osborne and Mendel illustrates the facts: 
0) that a protein which at a liberal level of intake 
(here 18 per cent) supports a normal growth may be 
unable to do so ■when fed in reduced proportion (here 
9 per cent); and (2) that, as explained in the text, 
under certain circumstances growth may be pro- 
moted by the addition of a so-called nutritionally dis- 
pensable amino acid (in this case cystine). 


are still needed, as well as qualitative and quantitative in- 
vestigations in vitro of the amino-acid make-up of the pro- 
teins concerned. 

On the basis of tests, such as those of Osborne and Mendel 
already mentioned, in "which young experimental animals are 
fed diets containing only a single, isolated protein , the follo-w- 




99 


HOW TO MEET THE NEED FOR PROTON^ 

ing qualitative classification of proteins ha£beeH- suggested 
and considerably used in teaching: 

(1) “Complete” proteins: those which mainfeiiHife_and 
provide for normal growth of the young when u^d as th^ 
sole protein food. Casein is the example of a complete protein 
in the preceding discussion. Other proteins in this group, in- 
clude lactalbumin from milk; ovalbumin and ovovitellin of 
egg; glycinin of soybean; excelsin of Brazil nut; and edestin, 
glutenin, and maize glutelin of the cereal grains. 

(2) “Partially incomplete” proteins: those which maintain 
life but do not support normal growth. From the work of 
Osborne and Mendel already described, it is evident that 
gliadin is representative of this group. 

(3) “Incomplete” proteins: those which, as sole dietary 
protein, are incapable of supporting either growth or life. 
Zein clearly belongs to this class, as does also gelatin. 

Any such grouping of the proteins, however, should be 
used with much discrimination, and with great care to insure 
an understanding of the quantitative aspects of the experi- 
mental data, if misconceptions are to be avoided. Edestin is 
a conspicuous example of a ‘ ‘complete’ ’ protein , having served 
as the sole protein food of a family of rats for three genera- 
tions; but when the percentage of edestin in the food mixture 
was considerably reduced, results like those above described 
for gliadin were obtained — ^the diet did not support a normal 
rate of growth, but this could be secured by adding lysine to 
the food mixture. Similarly casein when fed in reduced pro- 
portion to the total food mixture did not support normal 
growth; but growth became normal when cystine was added 
(Fig. 18) . Thus “complete” proteins may behave as “partial- 
ly incomplete” when fed in reduced proportion. It is also to 
be remembered that varying rates of growth in different 
species (not to mention other differences) make inadmissible 
any broad generalizations as to the proportion in which any 
protein should be fed to species other than that with which 
its “completeness” or “incx>mpleteness” has been demon- 
strated. 



100 


ESSENTIALS OF NUTRITION 


In 1916, Osborne and IMendel published quantitative measure- 
ments of the relative efficiencv’ ifor support of growth in young 
rats) of some of the “complete" proteins. The rate of gain ob- 
tained with 8 per cent of lactalbumin required 12 per cent of 
casein or 15 per cent of edestin; or, as they also state the results, 
‘'to produce the same gain in body weight, 50 per cent more 
casein than lactalbumin ttas required, and of edestin nearly 90 
per cent more.’' 

Lest we attribute undue weight to the differences between 
indiindual proteins, we should remember that practically all 
foods contain more than one kind of protein. Com (maize), 
for example, in addition to the incomplete protein zein con- 
tains other proteins at least one of w'hich yields all the nutri- 
tionally essential amino acids. Thus there is less danger of 
an incomplete assortment of amino acids in even a single food 
than in a single isolated protein. Nevertheless, the mixtures 
of proteins found in certain articles of food have higher 
nutritive efficiency than the natural mixtures in certain other 
foods because they contain the essential amino acids in pro- 
portions which approximate more closely the needs of the 
body. Thus, the various means of estimating relative values 
agree in indicating that proteins of animal origin are, as a 
class, superior in nutritive efficiency to those derived from 
plants. Of the animal proteins, those of whole milk and 
whole eggs share the first place. Next come the animal tissue 
proteins, among which those of liver and kidney probably 
Iiave a higher value than those of muscle. Among the nutri- 
tionally important plant protein mixtures, those of the cereal 
grains, though inferior to most animal proteins, have never- 
theless been found to possess a higher value than those of 
the legumes. But, though the natural protein mixture of 
milk is much more efficient than those of the grains, when . 
grains and milk are fed together in favorable proportions, 
their proteins so supplement each other in furnishing the 
nutritionally essential amino adds that the combination may 
be practically as effident as the milk proteins alone. This 
supphmmtary relationship between proteins is of great im- 
portance both nutritionally and economically, since it makes 
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possible the full utilization of the low-cost proteins of grains 
and other vegetable foods, provided only that they are fed 
in combination with sufficient amounts of those foods which 
reinforce their content of certain essential amino acids. 

In the maintenance of full grown tissues, there need be no 
special anxiety regarding the adequacy of the amino-acid 
mixture yielded by the proteins of mixed diets such as are 
common in this country. But in cases in which new protein 
must be built up in the body, e.g., growth, pregnancy and 
.lactation, convalescence from a wasting disease, or feeding 
to build up a chronically undernourished person , the choice 
of proteins may become a matter of considerable importance. 
The proteins of milk and eggs are the ones best suited for con- 
version into body proteins. For this and other reasons it is 
highly desirable that milk or eggs or both be provided abun- 
d^tly in the diet of growing children, of pregnant or nursing 
women, and of all people who require “building up.” 

A further discussion, which includes an analogy so widely 
quoted as to be rapidly becoming a classic, will be found on 
page 16 of Rose’s Feeiing the Family, 4th Edition (1940). 

How Much Protein is Needed tor Adult Maintenance? 

Maintenance requirement is the amoimt required for nutri- 
tional equilibrium in the body. 

Whether the body is in protein equilibrium or is gaining or 
losing protein, is ascertained by means of nitrogen balance 
experiments. These are experiments in which one determines, 
by means of chemical analyses of food and excreta, the 
amounts of nitrogen which enter and which leave the body, 
so that intake may be compared with output in a manner 
analogous to the balancing of a bookkeeping account. 

We may say that the balance has been determined when- 
ever the quantitative relation of intake and output has been 
ascertained . The body is said to be in equilibrium when intake 
and output are alike. The expression “in balance” is some- 
times used synonymously, but is somewhat ambiguous be- 
cause cme has “determined the nitrc^eu balance” whenever 
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the intake and output have been ascertained and regardless 
of whether the data show equilibrium or not. Thus we meet 
the e.xpression “plus balance” or “positive balance” "when 
the data show that the body is gaining, — and “minus” or 
“negative” balance when the body is losing, — nitrogen or 
whatever other element may be under similar consideration 
(as phosphorus, calcium, and iron will be in subsequent 
chapters) . The smallest intake which will support equilibrium , 
in a series of properly planned experiments, should indicate 
the body’s requirement. 

Using nitrogen as a practicable and sufficiently accurate 
measure of protein, each gram of nitrogen corresponds to 
approximately 6.25 grams of protein inasmuch as the mixed 
proteins of the body and of the food contain on the average 
16 per cent of nitrogen. Nitrogen balance experiments, then, 
can be made to show the amount of protein which the food 
must furnish to maintain protein equilibrium in the healthy 
adult with (for our purpose) such a store of body protein as 
Americans and Europeans usually carry. 

In 1920, one of us studied the available data which ap- 
peared to be applicable to the problem of the normal adult 
requirement. About one hundred such cases were found, and 
these gave a mean result of 0.634 gram of protein per kilo- 
gram of body weight per day with no significant difference 
per imit of body weight between the sexes (the means being 
0.637 gram per kilogram for women and 0.633 gram per 
Idlc^am for men, wherein the apparent difference was less 
than its probable error) . 

Figured to the conventional basis of a body weight of 70 
kilograms (154 pounds) this average finding was 44.4 grams 
of protein per man per day. 

This has been somewhat generally used as an approximate 
measure of need or requirement in the sense explained above. 
.As an estimate of actual need it is somewhat generous in that 
it contemplates the maintenance of a larger store of protein 
in the body than such careful students ais Chittenden and 
Folin have deemed to be most desirable. The study of original 
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literature involved in collating the data averaged above left 
no doubt that in many if not most cases equilibrium could 
have been realized at lower levels of intake after the body had 
given up a relatively small fraction of the protein which it 
had been carr3dng; and no one can be sure whether and under 
what conditions the extra store of protein which most of us 
carry in our bodies is advantageous or not. Whether one be- 
lieves in high-protein or low-protein diet is still somewhat a 
matter of temperament! 

All of the generally accepted dietary standards fiS: protein 
lean toward liberality as contrasted with actually demon- 
strated need. 

A common custom has been to add fifty per cent to the 
above mentioned average of 44.4 grams thus arriving at a 
“standard” of 67 grams per 70 kilograms of body weight or, 
in round numbers, me gram of food protein per day for each 
'kilogram, of body weight. Or, with a shade more of liberality, 
75 grams for the average man of 70 kilos, and 60 grams for the 
average woman of 56 kilos of body weight. This “75 gram 
standard” has recently received the endorsement of the 
Health Organization of the League of Nations. 

Standards for Growth^ Pregrrancy/ and Lactation, 
as Weil as for Maintenance 

The League of Nations “standard” of 75 grams protein 
for the man using about 3000 Calories, or 60 grams for the 
woman using about 2400 Calories, may also be stated as allow- 
ing one-tenth of the total calories in the form of protein. 

This is a very rational recommendation as a guide in 
gauging family and population needs. 

It had already been much used in the teaching of dietetics 
where the planning of a dietary often begins with the deter- 
mination of the total food calories to be supplied, and then 
adds that “about 10 per cent” or “from 10 to 15 per cent” 
of the calories should be in the form of protein . The allowance 
of ten per cent is held to be ample by those who follow Chit- 
tenden in his advocacy of “ph}^ological economy in nutri- 
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tion'* or who particularly feel the need of economy as to cost, 
while an allowance of from ten to fifteen is sufficient to pro- 
vide for those whose scientific judgments or whose tempera- 
ments lean toward a higher protein intake. 

To set the protein standard as a given fraction of the total 
calories is also rational from the point of view that the rela- 
tively high food requirement of children applies about equally 
to their energy and their protein needs. And furthermore the 
reduction of total food calories in the dietaries of elderly 
people may well be paralleled by a proportionate decrease of 
protein. 

In pregnancy and lactation the need for protein may 
{^ihaps be increased in somewhat greater ratio than the 
need for energy; and this is perhaps the strongest reason for 
sometimes setting the protein standard so high as to approxi- 
mate the allowance of 15 per cent of total calories as protein. 

Musculnr work supported by an ample intake of food 
calories does not necessarily increase the amount of protein 
metabolized. In other words, the extra calories for the work 
could be supplied hy increased carbohydrate (or carbohy- 
drate and fat) without increase of protein; but usually it 
appears more practical and is found more acceptable to 
provide for the increased muscular activity by simply in- 
creasing the amount of the dietary of the accustomed kind. 

Remembering, then, that it is not to be taken as implying 
that the need for protein varies with muscular activity, we 
may accept as a good guide for the planning or judgment 
of family dietaries or population food supply that we look 
first to the adequacy of the total food calories, and then to 
see that about ten or ten to fifteen per cent of the calories 
are in the form of protein. 

To Whaf Extent does Food Selection Influence the Nutritive 
Efficieiicy of the Protein Mixture which the 
Dietary Affords? 

The problem of this chapter being how to meet the need 
for protein, its text may now be (X)nduded with a brief 
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further consideration of the practical effect of differences 
in food selection. 

As already mentioned, the natural mixtures of proteins 
which staple articles of food contain do not differ nearly so 
much in amino-acid make-up and resulting nutritive value 
as do the individual proteins when separated and examined 
as isolated substances. And a still further evening-up usually 
results from the presence of different natural foods in a 
dietary or community food supply. 

These principle^ may be illustrated by the following facts 
regarding the proteins of wheat and of milk: 

Osborne and Mendel, isolating from ordinary white flour 
its most abundant individual protein, gliadin, and feeding 
this alone, found it of relatively low nutritive efficiency, — 
‘^partially incomplete” in the sense explained above. 

They also found, however, that other proteins in this same 
white flour made its protein mixture more efficient in nutri- 
tion than the gliadin alone. 

Furthermore, they found that the protein mixture of 
whole wheat is of much higher nutritive value than that of 
white flour. They were able to make fairly satisfactory diet- 
aries with whole wheat as the sole source of protein. 

And finally, they and others found that the feeding of milk 
together with whole wheat gives a still higher nutritive 
efficiency or value to the protein mixture of the dietary . 
In the laboratory of the department of chemistry at Colum- 
bia, rat families are (February 1940) thriving in the forty- 
ninth generation on a dietary of five-sixths ground whole 
wheat and one-sixth dried whole milk with table salt and 
water. The proteins of this dietary constitute about 14 
per cent of the dry food material and furnish approximately 
14 per c^t of its total calories. 

So important are the supplementary relationships among 
proteins in ensuring good nutritive value of the protein 
mixture of any typical well-balanced dietary, that it dc^s 
not seem essential here to enter into the discussion of the 
complicated attempts to set up methods for irieasuring and 



106 


ESSENTIALS OF NUTRITION 


expressing the more abstruse socalled biological values, 
concerning the significance of which there is not yet a clear 
consensus of expert opinion. 

More helpful and significant is the concept that dietaries 
or food supplies which are well-balanced with reference to 
their mineral contents and vitamin values carry very high 
scientific probability of being also well-balanced in the 
aminoacid mixtures, and in the nutritive efficiencies of the 
i protein mixtures, which they contain. 

EXERCISES 

1. Feed parallel groups of young rats, starting at 3 to 4 weeks 
of age: (a) A mixture of 90 parts white flour, 9 parts butter, and 1 
part table salt; (b) A mixture of 60 parts white flour, 30 parts 
milk powder, 9 parts butter, and 1 part of the same table salt. 
While the introduction of the milk will have enriched the diet in 
certain mineral elements and vitamins as well, the difference in 
growth during the first three or four weeks of this experiment 
may be attributed chiefly to the milk proteins. 

(This experiment may then be continued to see what evidences 
of nutritional deficiency appear later and to interpret them in the 
light of subsequent chapters.) 

2- Feed parallel groups of young rats, starting at 3 to 4 weeks 
of age: (a) Bread moistened with milk; (b) Bread of the sanae kind 
moistened with 5-per cent solution of milk sugar and spread with 
as mucdi butter as corresponds to the milk used in (a). If the 
contrast here found differs from that found in the preceding 
Exercise, how do you explain the difference? 

3. Plan experiments making use, if circumstances permit, of 
socalled ‘^synthetic"' diets (mixtures of artificially purified sub- 
stances) betw^n which the sole difference shall 1^: (1) an indi- 
vidual protein, e.g., casein; (2) an individual amino add, €.g., 
lysine. 

4- If fadlities are available, carry out the experiments de- 
sodbed in Exerdses 1 and 2 and those planned in Exerdse 3, 
continuing them as long as time permits, with daily feeding, 
watering, and cosual inspection of the animals; and at least weekly 
waitings and careful physical examination. 

In addition to the promptly-developing differences in growth, 
attributable to the protein (amino add) factors discussed in the 
fcue^omg chapter, it is pc^ible that a long-continued comparison 
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would develop other effects which, after your study of the chap- 
ters which follow, you might be able to attribute to some mineral 
or vitamin factor. 
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Chapter VII 


MINERAL ELEMENTS AND REGULATORY 
PROCESSES IN NUTRITION 

The Mineral Elements 

In preceding chapters we have discussed the composition 
and nutritive functions of foods principally in terms of the 
organic nutrients: carbohydrates, fats, and proteins. This 
has involved consideration of the elements carbon, hydrogen, 
oxygen, and nitrcgen, which, as Table 5 shows, are the ele- 
ments meet prominent in the body’s structure. In this chap- 
ter we shall be concerned with the twelve or more other chem- 
ical elements r^ularly found in the body which, although 
present there in much smaller quantities than the four 
elements just referred to, are nevertheless essential to its 
normal functioning. 

These other elements are commonly designated as the 
mineral demenis or the inorganic foodstuffs. But the use of 
aich terms diould not be rmderstood to imply that these 
elements necessarily occur and function exclusively as in- 
organic or mineral compotuids. For example, the most im- 
portant compounds of sulfur in the food and in the body 
are the amino adds cystine and methionine which have al- 
ready been cxaisidered as constituents of the proteins. Yet 
although sulfur thus enters and functions in the body almost 
entirely in organic combination it is, in the normal oxidation 
processes of the body, ultimately converted into the in- 
organic compound, sulfuric add, and as such becomes an 
important factor in the mineral metabolian. 

101 
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Which Mineral Elements are Essential? 

It cannot be stated with, certainty exactly how many of 
the mineral elements found in the body are indispensable 
to its normal structure or functioning; and how many are 
present merely through accidental introduction from the 
environment. All eleven mineral elements for which figures 
are given in Table 5 and also cobalt are now definitely re- 
garded as essential, and the balance of contemporary judg- 
ment seems to favor the addition of zinc also to this list. 

Table 5. — ^Approximate Elementary Composition of the Body 
Element Percentage 


Oxygen 

Carbon 

Hydrogen 

Nitrogen 

Caldum 

Phosphorus 

Potassium 

Sulfur 

Chlorine 

Sodium * . 

Magnesium 

Iron 

Manganese. 

Copper 

Iodine — 

Cobalt 

Zinc 

Others of more doubtful status 


65. 

18. 

10 . 

3 , 

2 .® 

1 . 1 ^ 

0.35 

0.25 

0.15 

0.15 

0.05 

0.004 

0.0003 

0.00015 

0.00004 

« 


•Estimates vary widely. 

^Percentage varies -witJa that of calcium. 

•Believed to be essential, but quantitative data are not yet at hand. 

With r^ard to the question whether other elements are 
essential it seems clear that any diet which is adequate in the 
unquestioned essentials will almost certainly provide the 
trajces at most that may be required of mineral elements 
■wdiose importance is still unknown. And from this fact it 
follows that any element needed only in such small amounts 
that the ne^ of it is still in doubt is very unlikely to be an 
actual limiting factor in nutrition, either in nature or in 
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civilized life; so that from the functional viewpoint of pres- 
ent-day science the elements to wdiich we give attention in 
nutritional study for practical reasons are also undoubtedly 
the ones of really major scientific significance. 

How do They Function? 

The elements concerned in the mineral metabolism may 
exist in the body and take part in its functions in at least 
three kinds of ways: 

(1) As constituents of the mineral matter of the bones 
and teeth, gi\ing these structures their strength, rigidity, 
and relative permanence; 

(2) As structural constituents of the soft tissues also, as 
illustrated by the fact that all the known tissue protpins 
contain sulfur, several of them as well as some other sub- 
stances essential to cell structure contain phosphorus, -^nd 
the outstandingly impKirtant hemoglobin of the red blood 
cells cmntalns iron; 

(3) As constituents of substances concerned in regulatory 
functions, as, for example, the salts held in solution in the 
body fluids and important in giving these their charagter- 
istic influence upon the func:tional capacities of muse e and 
nerv'e, their osmotic pressure, their solvent properties ,and 
consequent ability to transport the nutrients and their netab- 
olites, and the property of supplying the material for tiie 
axadity or alkalinity of digestive juices while at the same, 
time maintaining approximate neutrality in the blood and 
body tissues. 

Varied as they are, these functions are interrelated at 
many points; and several of the socalled mineral elements 
take part in more than one of these three types of function. 

Calcium and phosphorus function importantly in all three 
ways , and the preponderance of calcium phosphate in bone 
and tooth mineral makes them elements which the body 
needs in relativ’^ely large amounts. The next chapter will be 
devoted to them. 

irem, while occurring in much smaller amounts than 
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calcium and phosphoras, is nevertheless a real problem in 
nutrition, in the sense that if it is left to chance one does not 
always get enough, especially under our present-day condi- 
tions of living so largely upon artificially refined food. In- 
asmuch as the iron which enters into nutritional processes 
goes mciinly to form hemoglobin, and copper has been found 
to play an essential role in the transformation of iron into 
hemoglobin, these two elements are discussed together in 
Chapter IX. 

Iodine is an element which in certain regions is not suffi- 
ciently abundant to be safely left to chance, especially now 
that people commonly use such highly refined table salt. 
Here we meet a very special kind of nutritional problem, 
which seems best treated by itself in Chapter X. 

Chlorine, in the form of its salts, the chlorides, plays a 
ver.' important part in the maintenance of normal conditions 
in the body. That we do not (and need not) take account of 
chloride content in our ordinary judgments and studies of 
food values is due to our practice of adding so much sodium 
chloride (as common salt) to food in its preservation, in its 
preparation, and at the table. 

The* chlorides are among the most important of the body’s 
elect 'olytes. These are substances which in water solution 
exist ^3 electrically charged particles called ions. They func- 
tion very significantly as regulators of body processes, both 
collectively, for example, in the control of the osmotic pres- 
sure of body fluids and hence of the passage of water into 
and out of the tissues, and specifically, as in their effect on 
the irritability of muscles and nerves, to be discussed below. 

Sodium chloride, being by . far the largest constituent of 
the mineral matter of the blood, assumes special significance 
in the regulation of water exchanges in the organism. And, 
as Cannon has emphasized repeatedly, these latter are more 
extensive and more important than may at first thought 
appear. He points out that “there are a number of circula- 
tions of the fluid out of the body and back again, without 
loss.” Thus, for example, it is estimated that from a quart to 
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a quart and one-half of water daily “leaves the body” when 
it enters the mouth as saliva; another one or two quarts are 
passed out as gastric juice; and perhaps the same amount is 
contained in the bile and the secretions of the pancreas and 
the intestinal wall. This large volume of water enters the 
digestive processes; and practically all of it is reabsorbed 
through the intestinal wall where it performs the equally 
important function of canying-in the digested foodstuffs. 
These and other instances of what Cannon calls “the con- 
servative use of water in our bodies” involve essentially 
osmotic pr^ure relationships in which the concentration 
of sodium chloride plays an important part. 

Under our ordinary conditions of everyday living the body 
is apt to receive and excrete several grams of sodium chloride 
per day, the amount varying with individual taste as to 
salting of food at the table and usually ranging considerably 
higher than is needed for maintenance of approximate equi- 
librium. In fasting, or on a salt-free diet, chloride output at 
first reflects to some extent the level of exchange of previous 
days, but rapidly falls to less than a gram per day. This fact, 
together with some reeisons of a more medical kind, leads 
some phyaologists and physicians to believe that a more 
mcxlerate use of salt than the present-day liberal average 
may be better. 

On the other hand, people engaged in occupations which 
induce profuse sweating may thereby excrete so much salt 
thimgh the skin as to call (temporarily, at least) for an in- 
creased intake in food or drink. 

Thus there are scientifically sound possibilities of occasions 
to saf'^uard the salt intake: sometimes against too much, 
and scttiietimes against too little. But most people at most 
times may eat their food “salted to taste” without anxiety 
in mther direction; for the healthy body has power to adjust 
chloride output to chloride intake throughout a wide range 
(Kg. 19). 

Potasaum is e^iedally prominent inade the cells of the 
blood and soft tissues, while sodium predominates in the 



MINERAL ELEMENTS 


113 


blood plasma and other inter-cellular fluids. And similarly 
(although their concentrations are much lower than those 
of sodium and potassium), magnesium is largely localized 
within the cells, while calcium is relatively more abundant 
in the fluids bathing the cells. 



Fig. 19. Growth of male rats on awheat-and-milk diet with different amounts 
of added table salt. Up to 4 per cent of salt in the dry food mixture (the curves 
for those receiving 1 and 2 per cent being here omitted to save space) there was 
no appreciable effect. At 8 per cent there are somewhat variable indications, 
and at 10 per cent a distinct indication of unfavorable effect. 

However, the body fluids contain some of all four of these 
elements, and upon the balance between them depends 
largely the characteristic influence of these fluids upon the 
dastidty and irritability of muscle and nerve. The experi- 
ments of Howell, Loeb, and others on the heart afford a 
classic illustration of the individual and joint regulatory 
effects of various salts and their ions upon muscle tissue. 
It is well known that heart muscle may be kept beating 
normally for hours after removal from the body when sup- 
plied, under proper conditions, with an artificial circulation 
of blood or lymph or a water solution of blood a^. The 
sodium salts, being most abundant, take the chief part in 
the maintenance of normal osmotic pressure, which is one 
requisite for the continued life of the heart tissue. Aside 
from this property, sodium salts have a specific influence. 
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Contractility and irritability disappear if sodium salts are 
absent, but when present alone they produce relaxation of 
the muscle tissue. Calcium salts also, although occurring in 
blood in very much smaller quantity, are absolutely neces- 
^ry to the normal action of the heart muscle; while, if pres- 
ent in concentrations above normal , they cause a condition 
of tonic contraction, or “calcium rigor'" — ^in sharp contrast 
to the relaxation induced by sodium salts. Potassium salts, 
in the small quantities normally present, promote relaxation, 
through this effect tending to diminish the rate of heart beat; 
and in higher concentration cause a state of extreme relaxa- 
tion known as “potassium inhibition." 

Thus it is found that the alternate contractions and relaxa- 
tions which constitute the normal beating of the heart 
depend upon a balance between calcium salts on the one 
hand and sodium and potassium salts on the other. Other 
active tissues of the bcxly doubtless have analogous require- 
ments as to inorganic salts. 

In addition to the case just discussed, several other in- 
stances of scK:aJIed ionic antagonism might be cited. For 
example, calcium ion is in some measure antagonistic to 
magnesium ion. Thus, magnesium salts when administered 
in abnormally large quantities show a soporific and hypnotic 
action, which effect can be counteracted by the administra- 
tion of calcium salts. Also the addition of magnesium to an 
otherwise wrell-balanced ration tends to cause a loss of cal- 
cium from the body. And, conversely, experimental magne- 
dum deficiency results in an abnormal accumulation of 
calcium in the soft tissues. 

Similarly, a high intake of potassium salts increases the ■ 
excretion of sodium salts. Since most vegetable foods are 
relatively rich in potassium, Bunge suggested that this fact 
may afford an explanation of the craving for common salt 
which man shares with the herbivorous animals. - 

Various of the mineral elements have individual and specific 
functions in addition to their cooperative activities already 
indicated. For example, the presence of the calcium salts is 
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absolutely essential to the clotting of blood, while magnesium 
salts enhance the activity of the enzymes known as phos- 
phatases and assist at certain stages in the metabolism of 
carbohydrates. 

The prominence of calcium and phosphorus in bone has 
been mentioned. Small amounts of magnesium and sodium 
appear also to be constituents of the skeletal structures. 

Manganese and cobalt are now generally accepted as nu- 
tritionally essential elements, but there is not yet a clear 
consensus of opinion as to what their normal functions are. 

Sulfur (as already noted) enters the body almost entirely 
as a constituent of the organic matter of the food, yet it 
becomes an important factor in the mineral metabolism. 
The most important sulfur compounds of the food and of 
the body tissues are the sulfur-containing amino acids, 
cystine and methionine, of the proteins. The nutritional need 
for protein may, if one wishes, be discussed in terms of ni- 
trogen requirement and of sulfur requirement; but in 
Chapter VI we considered it in terms of the need for differ- 
ent amino acids including those that contain sulfur, so that 
there here remains to be considered only the disposal of the 
end-products of the metabolism of cystine and methionine. 
Oxidation of these amino acids converts their sulfur into 
sulfuric acid which is eliminated chiefly as sulfate. 

Thus what entered the body as a neutral element has become a 
strong ‘'fixed acid'’ through the normal oxidation process of our 
metabolism. Even a moderate protein intake results in the forma- 
tion of around two grams of sulfuric acid (sulfate ion) in the body 
every day. While the weight of carbonic acid simultaneously pro- 
duced is many times greater, it leaves the body through the lungs 
without presenting the same sort of elimination problem as does 
the end product of the sulfur metabolism. This is discussed further 
under add-base balance below. 

Organic Acids 

Except for the discussion of fatty acids in connection 
with fats and lipoids, the organic adds which occur in foods, 
and some of which also occur to an important extent in the 
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body, were only very briefly mentioned in Chapter II. It 
seems more advantageous to consider them at the present 
point because of their interrelations with the mineral metab- 
olism, and particularly the part that some of them play 
in the phenomena of acid-base balance or the maintenance 
of the body’s essential neutrality. 

Perhaps we should first define the categories of acids 
with which the body has to deal from this point of view. 
Organic chemistiy" is, in the main, the same as the chemistry 
of carbon compounds; but we do not ordinarily consider 
carbonic acid as an organic acid. By organic acid (or organic 
acid radicle) we mean one w'hich contains carbon and which 
can be burned. But of those which bum readily when heated 
in air, some do and some do not undergo ready and fairly 
complete oxidation in the body; and this distinction has an 
important bearing upon the problem of acid-base balance 
in foods and nutrition. 

The present writers consider it an open question whether 
study of acid-base balance belongs strictly to the Essentials 
of Nutrition, or not. Those who do study it will do well to 
bear in mind four categories of acids: (1) organic acids 
readily oxidizable in the body; (2) organic acids not readily 
oxidizable in the body; (3) carbonic acid, ^‘mineraF' but 
'‘weak” and readily volatilized through the lungs; (4) fixed 
mineral adds, presenting a quite different elimination- 
problem from carbonic add. 

Before proceeding to the phenomena of add-base balance, 
some of the organic adds deserve a few words on their own 
merits as nutrients. 

x\lthough the three major organic foodstuffs are prac- 
tically neutral, certain foods as they are eaten are frankly 
acid, owing to the presence of substantial amounts of organic 
acids, such as citric, malic, lactic, and tartaric. 

Of these, dtric and malic adds are the most widely dis- 
tributed, one or both of them occurring in appredable con- 
oaitratiott in practically aU vegetables, and still more 
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abundantly in fruits. From Table 28, in Appendix D, which 
gives approximate amounts of these acids found by Hart- 
mann and Hillig in certain fruits, it can be seen that malic 
acid is the chief acid in apples, cherries, peaches, plums 
and quinces; while citric acid predominates in currants, 
grapefruit, lemons, loganberries, oranges, pears, pine- 
apples, raspberries, strawberries, and tomatoes, hlillc also 
contains citric acid to the extent of about 1 .5 grams per liter. 

The body seems able to bum as fuel practically all of the 
citric acid any diet is likely to contain, forming carbon 
dioxide and water to be disposed of along with the same 
products from the metabolism of other organic foodstuffs. 
Less is known of the fate of malic acid in the human body; 
but since cats, rabbits, and dogs bum it fairly readily, it is 
presumed that man also has this ability. 

So far as is known, tartaric acid occurs abundantly only 
in grapes. When these are eaten, the tartrates which they 
contain appear to be largely broken down by the bacteria 
in the digestive tract. It is said that only a small fraction, if 
any, of the tartaric acid is absorbed from the intestines; and 
that the body tissues have almost no ability to destroy the 
tartrate which does reach them. Whether, and to what ex- 
tent, the eating of grapes presents the body with a problem 
of acid disposal will thus depend upon the degree to which the 
tartrate radicles are absorbed; and this apparently differs 
largely among individuals. 

Lactic acid is prominent in buttermilk and in sauerkraut 
and certain other fermented foods. 

Acetic acid is found in vinegar, and in pickles and other 
foods prepared with it. 

A substance known as quinic acid is present (along with 
other organic acids) in plums, prunes, and cranberries. The 
body cannot carry the breakdown of this substance com- 
pletely to carbon dioxide and water, but another organic 
acid, hippuric acid, is the end-product. 
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Acid-Base Balance in the Body 

The nonnal condition of the blood, and, so far as we know, of 
the tissnes generally, is very nearly neutral. Neither a distinctly 
add nor a strongly alkaline condition of the blood, or of the sys- 
tem. generally, is compatible with health or even with life. The 
maintenance of this condition of approximate neutrality is w'hat 
one usually has in mind when one speaks of the problem or the 
phenomena of add-base balance in the body. 

Acidosis is a technical term in medicine, now used in a very 
spedal and restricted sense. It desig^nates that condition in which 
the oxidation of fatty adds in the body, instead of proceeding 
completely to carbon dioxide and water, halts at an intermediate 
stage with the formation of acetone, aceto-acetic acid, and beta- 
hydroxybutyric acid as end-products. Any discussion of this 
highly special problem of addosis belongs to medicine and not to 
the normal nutritional problem or phenomenon of acid-base 
balance . 

Acid-base balance in normal nutrition has to do with the dis- 
p(^aJ of the add-forming and base-forming elements in such man- 
ner as to maintain a general condition of approximate neutrality 
within the body. The more predse definition, the limits of vari- 
ation, and an explanation of the “chemical mechanism” by which 
the nearly constant condition of approximate neutrality is main- 
tained, are necessarily somewhat technical and involve a more 
chemical approach than that of the present text. 

Carbohydrates and fats whennormally oxidized in the body yield 
cartHon dioxide which is eliminated through the lungs by aphysico-" 
chemical process of marvelous effidency and great theoretical 
interest to the chemistry of general physiology; but which from 
the viewpcttut of our present study may be said to be so nearly 
automatic as not to constitute a responsibility of nutrition in the 
ordinary sense. 

Proteins of course yield carbon dioxide too; but the more dis- 
tinctive end-products of their metabolism are the nitrogen com- 
pounds, from all the amino adds, and the sulfuric add (sulfate 
ions) from th(^ whiedi contain sulfur. It is the formation of a con- 
siderable amount of ^ch a strong, fixed (non-volatile), add as 
sulfuric, from the previously neutral sulfur of food protein, which 
some students of nutrition (including ^me, but probably 
not mMt, ph3?Bicians) feel that there is an add-base problem which 
Ees within the distinctly nutritional responsibility of food selec- 
tion. 
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In this sense, it is a problem involving both the proteins and the 
salts or ash constituents of the food. 

Some of the proteins contain phosphorus and thus yield phos- 
phoric, as well as sulfuric, acid in metabolism; while many foods 
contain significant amounts of other organic compounds of phos- 
phorus and also of phosphoric acid radicles (phosphate ions) in 
the form of mineral or inorganic salts. 

Chlorine completes the list of the thxte jixed-acii forming ele- 
ments which enter in significant amounts into the problem; but 
here the acid radicle is entirely pre-formed in the food as it enters 
the body. 

To balance the (fixed-) '‘acid-forming’’ elements (sulfur, phos- 
phorus, and chlorine) the food furnishes significant (though quite 
variable) amounts of four “base-forming’ ' elements: sodium, 
potassium, calcium, and magnesium. Also we find that a variable 
proportion of the nitrogen from protein metabolism leaves the 
body as ammonium salts of fixed acids (often called “ammonia”) , 
indicating that a part of the “waste” nitrogen from protein metab- 
olism may on occasion help out the base-forming elements in the 
maintenance of body neutrality. Most of the nitrogen, however, 
is excreted as the essentially neutral substance, urea. 

In normal nutrition the “problem” of acid-base balance is 
chiefly that of elimination of surplus fixed acid, especially that 
formed from the oxidation of the sulfur of the food protein. This 
surplus fixed acid is taken care of chiefly in two ways: (1) by 
elimination of nitrogen as ammonium salt as just explained; and 
(2) by the secretion of a more add urine, which usually means a 
larger proportion of acid phosphate in the urine. In case the sur- 
plus of fixed acid is small or transient, a shifting of the proportions 
of between mono- (primary) and di- (secondary) phosphate may 
suffice; but beyond this, the increased excretion of primary phos- 
phate may involve increased excretion of total phosphate neces- 
sarily carrying mth it some fixed base and thus tending to deplete 
the body’s alkaline reserve. 

As a precaution against such depletion, it is sometimes thought 
worth while to balance the foods in which (fixed) add-forming 
elements predominate (“acid-forming foods”) by including in the 
diet corresponding proportions of “base-forming” or “basic” 
foods (foods “on the alkaline side”) which contain more than 
enough of fixed base-forming elements to neutralize the fixed add 
formed by the metabolism of these foods. 

Meats and fish, ^gs, and grain products are add-forming foods 



120 


ESSENTIALS OF NUTRITION 


in the sense here explained. Their acid-forming character can not 
be adequately demonstrated by burning in air and testing the ash , 
because the surplus sulfuric add is driven off by such heating in 
air. 

Table 6 shows the relative acid-forming properties of some such 
focKis per 100 grams and per 100 Calories. 


Table 6. — Few of the Foods in Which Acid-foilmin'g Elements 

Predominate 


Food 

Approxima-te Potential Acdditv 

(Edible Portion) 

(cc. Normal Add) 


Fer too Grams 

Per lOO Calories 

Beef, clear lean 

12 

10 

round steak 

11 

7 

Eggs 

11 

7 

Oysters 

15 

30 

Oatmeal 

12 

3 

Rice 

9 

2 

Wh^t, entire 

12 

3 

Wheat flour 

9 

2 

White bread, made with water 

6 

2 


Table salt and all foods which are practically without protein 
or natural ash constituents mav be regarded as neutral in metab- 
olism. 

Base-forming elements predominate slightly in milk and to a 
more pronounced degree in most fruits and vegetables, of which 
some typical illustrations are given in Table 7. Foods such as the 
dcrus fruits are acid as eaten hut base-forming or the alkaline 
side'" in metabolism because their organic acid radicles (whether 
present as free add or as acid salt) are largely or completely 
burned in the normal oxidation processes of the body. 

At present it should be frankly recognized that there are differ- 
ences of opinion as to the significance of the acid-base balance of 
foods among those who are such able and thoughtful students of 
the subject as to entitle their views to respect. Some hold the 
regulatory mechanism” of the normal body to be so efficient 
that the balance of acid-forming and base-forming elements in 
the food is of no consequence to nutrition and health. Others, 
agreeing that the blood maintains its neutrality with great effi- 
ciency, still think that the body is better off when it is not forced 
to excrete a markedly acid urine. We may doubtless accept the 
evidence of experience that many people have been benefited by 



MINERAL ELEMENTS 


1S1 

Table 7. — A Few of the Foods in Which Base-foriviing Elements 

Predominate 


Food 

(Edible Portion) 

Apple 

Banana 

Cantaloupe 

Carrot 

Orange (or juice) 

Pear 

■Potato 

Tomato (or juice 
Watermelon 


Approximate Potential Reserve 
Alkalinity (cc. Normal Alkali) 


Per lOO Grams 

Per lOO Calories 

3 

6 

8 

8 

7 

18 

14 

30 

5 

10 

4 

5 

9 

10 

5 

24 

4 

12 


giving a higher place to fruits and succulent vegetables in. their 
daily dietaries; but how the credit for the benefit is to be distrib- 
uted between base-forming elements and vitamins is as yet an 
open question. In our opinion more of the newest knowledge of 
nutrition is needed before anyone can confidently attempt a con- 
clusive weighing of the evidence. 

EXERCISES 

1. Put about 10 grams of grapefruit juice in a platinum or 
silica dish . Show that the juice is acid. Evaporate it to dryness and 
burn it to ash. Show that the ash is alkaline. 

2. Explain why the typical “acid-forming” foods do not yield 
a correspondingly acid ash when burned in the air. What acid, 
produced in significant amounts in metabolism, is a “fixed add” 
in the body, but is volatilized when heated in an open dish ? 

3. With the fadlities available to you, can you show that the 
urine is rendered less acid by eating oranges or grapefruit, more 
add by eating lean meat or eggs? 
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Chapter VIII 


PHOSPHORUS AND CALCIUM 

Occurrence and Functions of Phosphorus 

Phosphorus occurs in the body as a constituent of many of 
its materials, and functions in many nutritional processes. 
A glance at its occurrence in nature is of interest as intro- 
ducing us to “the phosphorus problem” of nutrition and of 
food supply. 

The late Dr. F. W. Clarke, long the chief chemist of the 
United States Geological Survey, estimated that phosphorus 
constitutes 0.11 per cent of the crust of the earth; but it is 
rather unevenly distributed, and largely locked up in the 
form of phosphate rocks some of which are very resistant to 
weathering and so yield their phosphates but slowly to the 
soil. Hence phosphorus is one of the elements in which soils 
are most often poor, relative to the needs of the plants which 
grow upon them. For about a hundred years the attitude of 
science has been that the phosphate fertilization of the soil 
may be expected to result in larger crops, rather than crops 
containing significantly higher percentages of phosphorus. 

Within the past thirty years, however, it has been found, 
first in South Africa and there^ter in several other parts 
of the world, that phosphoms-poor soils may produce 
phosphorus-poor forage with resulting tendency to shortage 
of phosphorus in the nutrition of cattle obliged to subsist 
on such pastures. 

The general tendency in plants is toward a relative con- 
centration of calcium in the leaves and of phosphorus in 

1S3 
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the seeds. Hence pasture-plants become poorer in phos- 
phorus In the late summer and autumn Avhen the seeds have 
fallen to the ground. And in general, there is relatively more 
danger of shortage of phosphorus in the leaf diet of grazing 
cattle; and of calcium deficiency in the dietaries of people 
who eat relatively little of leaf foods and relatively large 
amounts of seeds and their milling- and bakery-products. 
However, it would not be scientifically justifiable to ignore 
the phosphorus problem of human nutrition. (At the “rickets 
^e” phosphorus may be the limiting factor in the body’s 
development.) 

Phosphorus is an essential constituent of every known 
tissue and cell in the body. Although probably nearly 90 
per cent of the total phosphorus of the adult body is in the 
skeletal system, yet the amount and the wide distribution 
of the phosphorus compounds of the soft tissues including 
the body fluids, give them a position in the active metab- 
olism of the body' fairly analogous to that of the proteins, 
although the total amounts involved are not so large. 

Amount of Phosphorus Required 

With phosphorus functioning in so many ways in the 
body, considerable interest attaches to the question of the 
amount w'hich the body' must receive daily from the food in 
order to meet the needs of replacement of the phosphorus 
spent in connection with these functions. 

From the data of about one hundred studies, each of 
some days’ duration, in which the quantitative balance of 
intake and output of phosphorus was determined in a manner 
analogous to the nitrogen-balance experiments described 
in Chapter \d, an average of 0.88 gram of phosphorus per 
man per day' was found to be required for the maintenance 
of healthy adults in nutritional equilibrium. For much the 
same reasons as with protein, it is customary to add fifty 
per cent when setting a “dietary standard.” 
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Amount of Calcium Required 

In the manner just described for phosphorus, and again 
in about one hundred experiments each of some days’ dura- 
tion, the calcium requirement of adult maintenance appeared 
to average 0.45 gram per day; while other experiments and a 
different method of interpretation have given an average of 
0.55 gram.* Thus the minimum amount on which approxi- 
mate equilibrium can be maintained in adults may be re- 
garded as fairly definitely established at about 0.5 gram of 
calcium per day. This, however, is a “rock-bottom” base 
figure to which an allowance of 50 per cent or more should 
be added if one desires a “standard” for dietary practice or 
for interpreting the adequacy of a food supply. The out- 
standing facts to be considered in this connection are three: 
(1) On account of individual differences and the frequency 
of digestive conditions which diminish the efficiency of the 
utilization of calcium, the percentage margin needed for 
insurance of adequacy is probably larger with calcium than 
with protein and phosphorus. (2) In the development of 
bones and teeth, as also in pregnancy and lactation, the 
need for calcium is markedly accentuated. (3) It is now well 
established by very comprehensive laboratory investigations 
continuing throughout entire life-times and successive gen- 
erations of experimental animals, that increasing liberality 
of intake of calcium continues to give increasingly beneficial 
results up to much higher levels than previously supposed. 

What is the Extent of the Margin of Optimal Over 
Adequate Intake^ and What Difference Does It Make? 

Leitch**, whose interpretation favored 0.55 gram rather 
than 0.45 gram as the minimum for maintenance of adult 
equilibrium, also held that an intake close to 0.55 gram per 
adult per day cannot be depended upon to support for long a 

♦Apparently, the earlier and later experiments agree very clo^ly in their 
actual average data; and the fact that the later average is higher is chiefly due to a 
different method of interpreting the experiments - 

*^Nutrition Abstracts and RendewSr 1937 , 6 , 553 — 578 ; 1938 , 8 , 1 — 2 - 
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fully normal condition of health; that for permanent health, 
even if there is no demand beyond that of mere mainte- 
nance, a materially higher intake should be provided. We be- 
lieve that this view is supported by a good deal of (somewhat 
fragmentary) evidence directly from human experiences of 
different kinds. Certainly it is very clearly borne out by 
well-controlled experimental evidence of extensive and in- 
tensive research with laboratory animals, of the species 
chosen l^cause of the close resemblance of its nutritional 
processes to ours in this as well as in most other respects. 

Using rats as experimental animals, the nutrition labora- 
tory of the Columbia University department of chemistry 
studied the effects of different quantitative proportions of 
wheat and milk in dietaries which, for the sake of certainty 
of interpretation, were simplified to consist of these two foods 
with table salt and distilled water. It was found that five- 
sixths ground whole wheat with one-sixth dried whole milk 
(Diet A) made an adequate food supply, but that a‘ mixture 
of two-thirds ground w^heat and one-third dried milk (Diet 
B) was better. Compared with those on Diet A, the animals 
on Diet B showed more rapid and efficient growth and 
development (corresponding to the freshmen entering 
college taller yet younger) , higher adult vitality, and a longer 
prime of life, WTiile popular attention was attracted by the 
fact that the adult life expectation or 'life cycle'’ was ex- 
tended by about ten per cent, it is chiefly worthy of em- 
phasis here that undoubtedly the “health as a positive 
quality of life” was higher at every age. 

In terms of the set-up of the original experiment, the 
variable factor in the dietary was the quantitative relation 
of its two major ingredients: wheat, taken as typical of foods 
furnishing energy at low cost; and milk, as representative 
of the “protective” foods needed to “balance” the dietary. 
Then the investigation was extended into the study of the 
individual chemical factors involved. 

Increase of the proportion of milk had enriched the dietary 
by about 60 to 90 per cent in each of the three factors cal- 
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cium, vitamin A, and riboflavin (which we formerly called 
vitamin G, or part of the vitamin Ba complex); and also 
involved a minor increase of the protein value. Each of 
these factors has since been studied separately. The experi- 
ments with different levels of calcium intake me of interest 
at this point. 

It has been found in these recent experiments that differ- 
ences of calcium intake (of the calcium content or “calcium 
level” of the dietary or food supply) hoth above and below the 
“just fully adequate” level, such differences as are known 
to be of frequent occurrence in human experience, have a 
larger and more far-reaching significance for nutritional 
well-being and health than hitherto supposed. 

Low-calcium dietaries fairly good in other respects may 
support growth and apparently normal health to an extent 
which by previous standards would have indicated ade- 
quacy, but in the course of a life time or of two generations 
a heavy penalty may be paid for subsistence on such a low 
calcium level. Doubtless such penalties have been and are 
being paid by many people and attributed to other causes 
(or to bad luck in one’s constitution) in complete ignorance 
of the fact that the ultimate cause has been the paucity of 
calcium in the family food supply for perhaps more than one 
generation. In families of experimental animals studied by 
Campbell, Bessey, and Sherman, a calcium intake of about 
0.1 per cent of the dry food, or about 0.02 gram per 1(X) 
Calories, sufficed for good growth and an appearance of 
good health in the first generation but not in the second. 
The second generation animals were only slightly undersized 
but their percentages of body calcium were distinctly sub- 
normal, they were unable to launch a third generation, and 
they showed signs of senility unduly early. 

The calcium content of the above-mentioned Diet A 
(Diet 16 of the original laboratory records at Columbia Uni- 
versity and some of the more technical papers therefrom) 
was 0.19 to 0.20 per cent of the dry food mixture, which 
appeared to be about the minimal level fully adequate for 
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permanently normal nutrition, generation after generation, 
and was therefore adopted as the base-line for the planning, 
experimentation , and interpretation in the investigation of 
the effects of higher levels of intake, i.e,^ of dietaries or food 
supplies of higher calcium content. When we speak of higher 
levels in terms of their quantitative relation to the ' 'minimal- 
adequate level,’’ this latter means something of the order of 
0.16 to 0.20 per cent calcium in a dr>" food. Greater pre- 
cision is not sought at this point for two reasons: (1) Too 
great pretentions of precision might be misleading when we 
are using one species as experimental subject in studying the 
nutritional problems of another; and (2) we find it sufficiently 
ambitious for the present to attempt a general grasp and 
sense of proportion as to the extent of the margin between the 
merely adequate and the optimal calcium intake, and of the 
difference which the more liberal intake makes in nutritional 
well-being, buoyancy of health, and resulting efficiency or 
quality of life, both in youth and in maturity. 

■\\Tien, without other change, the above-mentioned Diet A 
was increased in calcium content to 0.35 per cent (about 
twice the minimal adequate level) there resulted better 
growth, earlier maturity, higher adult vitality, a longer 
'‘period of the prime” between the attainment of maturity 
and the onset of senility, and an increase in the average 
length of adult life or 'life expectation of the adult.” 
(Sherman and Campbell, 1935.) 

In the experiments just mentioned the increased length 
of life was clearly significant with the males but much less 
with the females, which however had invested their increased 
allowance of dietary calcium in the bearing and suckling of 
an increased number of young. When, in a subsequent series 
of experiments, the calcium content of the diet was raised 
to a still more liberal level, the females were enabled both to 
bear and rear more young and to enjoy higher health and 
longer life. 

Establishment of the fact that in the case of calcium there 
is a much wider zone than had hitherto been suspected 
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between a minimal-adequate and a truly optimal level of 
intake (or, differently expressed, a ^ 

potential improvement of the already normal)" 
accentuated interest and significance to the problems of 
the influence of nutrition upon the chemical composition and 
internal environment of the normal body. 

Analyses of large numbers of the offspring of parallel 
families of laboratory animals (rats) on diets containing on 
the one hand a little over the minimal-adequate calcium 
content and on the other hand from three to four times as 
much have shown that this liberal increase over a level of 
intake already adequate for normal health and development 
results in a higher percentage of calcium in the body at a 
given age or size. The difference becomes measurable very 
early in life, is greatest during the period of most rapid 
growth, and is still significantly measurable in the adult. 
All the evidence indicates that this more rapid calcification 
of the skeletal system is advantageous to the nutritional 
well-being and positive health both at the time and through- 
out the subsequent life of the individual whose development 
has been thus expedited by a liberal calcium content in the 
family food supply. 

As previously noted, 99 per cent or more of the calcium 
retained by the body takes the form of the relatively resist- 
ant bone and tooth minerals of the skeletal system. The 
question therefore arises whether an increased amount of 
such sparingly soluble calcium salt in the body’s hard struc- 
tures will significantly influence the concentration of calcium 
in the soft tissues and body fluids. Here it is of great interest 
that different investigators, using different species, have 
consistently found that increased retention or storage of 
calcium in the body involves increased development of the 
bone trabeculae. These are delicate crystals of calcium salts 
which grow from the inner surfaces of the ends of the bones, 
forming, when abundant, a mesh-work of material in the 
bone cavities, especially near their ends. As the walls of the 
bones are at their ends so porous ana vascular as lo consta- 
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tute an important part of the path of the circulating blood, 
the nutritionally-induced differences of trabecular develop- 
ment, as illustrated in Fig. 20, result in large differences in 
the surface area of calcium-containing material with which 
the blood comes in contact in the course of its circulation. 
Thus the larger the store of body calcium and the develop- 
ment of the bone trabeculae the more steadily is the full 
normal concentration of calcium in the blood, lymph, and 
soft tissues maintained . This is probably of great importance 

(though perhaps not yet fully 
appreciated) because so many 
vicissitudes in our life processes 
result in small losses of calcium 
which temporarily lower the con- 
centration of calcium in the 
blood, the full maintenance or 
quick restoration of which plays 
so essential a part in the body’s 
self-regulatory processes. Hence 
even though the body’s calcium 
reserve is laid up in a form of 
such slight solubility yet the more 
abundant the reserve the greater the calcium-saturating 
surface with which the circulating blood has contact and the 
quicker the restoration of a normal blood calcium level 
whenever this has been depleted in any way. Moreover, as 
we ane only how beginning to appreciate, a normal range of 
blood calcium concentration which looks narrow enough 
from the viewpoint of current accuracy of analytical deter- 
mination may still be wider than the zone of strictly optimal 
concentration. For instance, it may be said that the normal 
serum calcium concentration is 0.009 to 0.0115 per cent, 
and that the analytical determinations now current are 
hardly precise enough to justify attempting a more refined 
estimate; yet it may at the same time be true that the in- 
dividual having such rich development of bone trabeculae 
as to ensure an almost constant maintenance of something 



Fig. 20- Diagrammatic repre- 
sentation of the bone trabeculae 
as affected by the calcium con- 
tent of the food. 
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near the maximum of these values may have an advantage 
over the individual whose blood calcium even though within 
the normal range is more often in the lower levels of this zone. 
Thus differences in a body’s reserves of even such an insol- 
uble asset as the calcium in the bones may very really and 
significantly influence the internal environment in the sense 
of the quantitative chemistry of the fluids and soft tissues 
of the body which directly and immediately environ its life 
processes. 

Calcium and Phosphorus in Growth and Development 

Flexibility of the body at birth is an obviously advan- 
tageous property and is well fixed in our species as well as 
in several others. But flexible bones must mean skeletal 
structures in a less calcified condition than in the normal 
adult. Thus we are all bom calcium-poor; and normal 
growth and development call for a marked increase not only 
in the amount but also in the percentage of calcium in the 
body. The same is true, in less degree, of phosphoms. 

The quantitative relations have been determined most 
fully and accurately in the case of the rat, where represen- 
tative individuals of different ages can be taken in large 
numbers from well controlled colonies, and the entire body 
subjected to chemical analysis. Here it was found that the 
growth and development of the body to normal adult status 
involved a 75-fold increase of body weight over that at birth; 
an increase of 150-fold in the amount of phosphorus, and 
of 340-fold in the amount of calcium, which was contained 
in the body at birth. 

The quantitative relationships are less extreme in the case 
of the human being which is bom with something like one- 
twentieth of its adult weight and with bones correspondingly 
more calcified than those of the new-born rat. 

The stage of skeletal development which the rat shows at 
birth is that of before-birth in a normal baby, and the new- 
born baby’s dceleton is perhaps comparable in its stage of 
development to that of a rat about two weeks old. Still, 
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the normal development of the baby involves not only a 
great deal of grow'th, but also and at the same time a great 
deal of hardening, of its bones. 

Thus during gro\\th and bodily development there is a 
relatively much accentuated need for calcium as compared 
with the needs for tissue building materials of other kinds. 

The inevitable fact of being born calcium-poor is to be 
regarded as advantageous to the event of birth itself, but as 
a nutritional handicap thereafter. To enable the growing 
body to overcome this handicap without undue delay, to 
build a good skeletal framework and a sound set of teeth 
notwithstanding the fact that it started life under the handi- 
cap of a low calcium content, requires a food supply richer 
in calcium than many people find easy to realize. 

Thus there is a very real ‘^calcium problem’’ in human 
nutrition; and not only in infancy but throughout the period 
of rapid growth and development. Todd and his associates 
in their anatomical studies found a large proportion of skele- 
tons subnormally calcified; Jeans and Steams find that 
children differ markedly in the efficiency with which they 
utilize food calcium; and Leitch, holding with Todd and with 
Jeans that the optimally developed skeleton is considerably 
more highly calcified than has hitherto been realized, esti- 
mates that standards for calcium intakes and retentions 
should be higher than in the past. 

Even among investigators who have given special atten- 
tion to the calcium retentions of growing children, there are 
still differences of interpretation. One regards the finding of a 
relatively high retention as evidence of good practice in 
feeding; another, as evidence that calcification had previ- 
ously been abnorrnally retarded. We have endeavored to- 
exclude cases of the latter kind from the averages which 
appear on the last line of Table 8; but some critics may still 
regard these estimates as representing a higher level of re- 
tention than can be sustained throughout the first nine years 
of life. 

We therefore propose as a “standard” which we believe 



Table 8.— Different Estimates of Normal Retention of Calcium During Growth and Development of the Human 

Body: Retentions in Milligrams per Day 
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to be thoroughly practicable: One gram of calcium per day 
in the food of children of all ages; with the expectation that 
20 per cent of this intake or 0.2 g. per day will be retained, 
and that this rate of retention will continue until the develop- 
ing body has attained to the same percentage of calcium 
which it will subsequently maintain. 

This would mean the retention, during the early years, of 
73 grams of calcium per year. Allowing for 20 grams of cal- 
cium in the body at birth, and for average growth in body 
weight, this would result in the body containing about 1.95 
per cent of calcium at the age of 4; and a little over 2 per cent 
at the age of 9 years. Whether the body thus early equipped 
with a good framework wall thereafter continue to increase 
its percentage of calcium is still an open question. In any 
event, the evidence obtained from laboratory animals favors 
the continuance of the dietary standard of 1 gram of calcium 
per day for all ages. 

As mentioned above, relatively more calcification occurs 
before birth in the child than in the rat. What the rat mother 
does in supplying her offspring is done predominantly during 
the suckling period, whereas the human offspring makes 
hea\y demands upon its mother for calcium not only in 
lactation but in the latter part of pregnancy also. The cal- 
cium requirement of embryonic development must obvi- 
ously be met through the mother, and is a matter of concern 
to her as well as to the baby. Recent estimates have tended 
to increase the allowcuice for calcium requirements during 
pregnancy; and also during lactation so long as the baby 
is getting most of its nourishment by breast-feeding. Obvi- 
ously then, the calcium requirement of the baby for the 
growth and development which it makes before its birth 
is a fairly large “fixed charge” collected through the mother 
and at the cost of her body unless it is amply supplied by 
her food; while the baby’s requirement after its birth is 
met through the mother to the extent that she nurses it, 
and for the rest from its other food. 
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The Problem of Dietary Standards for Phosphorus 
and Calcium 

Rose’s Laboratory Handbook for Dietetics, 1937 Edition, 
suggests that of -phosphoriLs an sdult man should receive 1.32 
grams per day, while a child should have not less than 1 
gram per day; and of calcium for an adult 0.68, and during 
growth, or pregnancy, or lactation, at least 1.0 gram per 
day. 

In 1938 the League of Nations Health Organuation pro- 
posed an allowance of 1 .5 grams of calcium per day during 
pregnancy and lactation, with a scale of allowances for other 
adults and for children of different ages which bring the popu- 
lation allowance to 0.9-1 .0 gram per capita. 

In the food-supply calculations of the U. S. Department 
of Agriculture, Stiebeling uses*: — 

Calcium allowance: Men, 20 years and over, 0.68; women, 
20 years and over, 0.88; children under 20 years, 1.00 gram 
per day. 

Phosphorus allowance: Adults, 20 years and over, 1.32; 
boys, 13-19 years, 1.32; boys 9-12, girls 11-19 years, 1.20; 
boys 4-8, girls 4-10 years, 1.00; children under 4 years, 

1 .00 gram per day. 

It is to be kept carefully in mind that the use of the word 
“standards” in this connection is a case of over-expresaon; 
we use it here only because of its currency. These so-called 
standards are in practice usually either (1) guides for use in 
planning dietaries, or (2) conventional means of putting 
records of food consiunption or food supply upon a com- 
parable basis. The word standards suggests a finality which 
is not true to present knowledge, and an inflexibility which 
would be of doubtful scientific value in any case. 

As guides the so-called dietary standards aim at a level 
of intake enough above the "rock-bottom” average of 
minimal need to cover the individual variations and the 


♦SUebding, H. K., and E. F. Hitpard: U. S. Dept. Agikoltoin. Circular No. 
507, page 50. 



136 


ESSENTIALS OF NUTRITION 


day-to-day fluctuations of efficiency in utilization which are 
apt to be met among normal people. 

The general plan of allowing a margin of about 50 per cent 
seems in the present state of knowledge as well suited to 
phosphorus as to protein; and this indicates an allowance of 
about one gram of phosphorus per day for children, 1.32* 
for adult maintenance, and 1.65** during pregnancy and 
lactation. 

Attempts to assign corresponding allowances or standards 
for calcium meet, at present, two major difficulties. The esti- 
mates of normal calcium retention in childhood, and of 
calcium content of the human body at a given age, still 
differ widely; and the fact that the margin between adequate 
and optimal intake is exceptionally large in the case of cal- 
cium is too newly established to have yet been fully assimi- 
lated into the concept of the “standard.” There are also 
rather wide community differences in the age distribution 
of the population and the average duration of breast-feeding. 
And until all families are educated both to a knowledge of 
nutrition and an appreciation of its importance, we cannot 
exf>ect elaborate sets of standards for different ages and 
conditions to become fully effective. It is perhaps equally 
probable that progress wall be made chiefly by a gradual shift 
of the food habits of the people as a whole in the directions 
which the newer knowledge of nutrition shows to be better 
on the whole and in the long imn. It is now definitely estab- 
lished that one of the directions for improvement of nutri- 
tional well-being and resultant higher health is an increase 
of calcium intake. As a convenient round figure guide, we 
commend the suggestion that calcium intakes as calculated 
from food supply or food consumption data be considered 
in relation to a standard of 1 .0 gram -per capita per day. 

♦Fifty per cent above adult maintenance (0.88 X 1.5) equals 1.32. 

♦♦Qne-fourth more than the ' ‘standard” of 1.32 equals 1,65. 
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Selecfion of Foods fo Provide Calcium and Phosphorus 

The calcium and phosphorus of the food have come, of 
course, ultimately from the soil (and the ''ground waters’ ' 
contained in it). Of late, there has been a tendency in some 
quarters to emphasize, perhaps unduly, the effect of soil and 
fertilizer upon the percentages of mineral elements in the 
resulting crops. Some striking assertions on this fx)int are 
as yet accompanied by no quantitative data. At the Rhode 
Island Agricultural Experiment Station, however, a com- 
prehensive quantitative study has been made of the influence 
of soil and fertilizer upon the phosphorus content of turnips. 
Quantitative determinations of phosphorus were made in 
137 similarly prepared samples representing turnips grown 
upon a wide variety of soils, in some cases without fertiliza- 
tion and in other cases with fertilizers differing greatly in 
kind and amount. It would seem that this investigation 
should have revealed about the extreme variability which 
differences in soils and their fertilization can induce; yet the 
coefficient of variation (C. V.)* of the 137 cases was only 
35, or only about twice as great, even under these extreme 
conditions, as that of the data of the carefully controlled 
experiments upon which is based our knowledge of the body’s 
phosphorus requirement, the latter showing a C. V. of 17. 

Thus even under highly extraordinary variations of soil 
and fertilization the phosphorus content (according to the 
best available evidence) shows only moderate variability, 
when all the data are taken into consideration as should be 
done in any scientific discussion of variations. It would be 
true, but also it would give an exaggerated impression and 
therefore would not be a scientifically sound way of reporting 
or discussing the findings, to say that the phosphorus con- 
tents of these turnips varied from 0.11 to 0.72 per cent or 
“by 550 per cent” of the minimum. For while this is a true 
statement so far as it goes, it relates only to the too least 
representative cases in a series of 137. All the other 135 findings 


*This and some other simple statistical terms are explained in Appendix E. 
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are nearer to each other than the two which constitute the 
minimum and the maximum. The most generally accepted 
and ser\'iceable way of giving a scientifically sound statement 
of variation is in terms of the statistical coefficient of varia- 
tion (or coefficient of variability, C. V.). 

Of the other edible roots, — beets, carrots, parsnips, rad- 
ishes, and sweetpotatoes, — of which we have from 9 to 32 
records each of calcium and phosphorus determinations, the 
coefficients of variation range from 12 to 54, the calcium 
content appearing on the whole slightly more variable than 
the phosphorus content. Both the calcium and the phos- 
phorus contents of such edible roots are usually between 0.03 
and 0.05 per cent. 

The starchy potato tuber contains a similar amount of 
phosphorus but distinctly less calcium. 

In general, the bulbs, stems, and twigs SLve similar in calcium 
and phosphorus content to the roots, while leaves are richer 
in calcium, and flowers and seeds are richer in phosphorus. 
Analyses of the edible twigs, the flowerbuds, and the leaves 
of the same samples of broccoli resulted as shown in Table 9. 

Table 9 shows the calcium and phosphorus contents of 
typical foods of both animal and vegetable origin. Data 
for calcium, phosphoms, and iron, and for some of the vita- 
min values, of about 200 other foods may be found in Table 
27, Appendix C. 

Green leaves, as of the loose-leaf varieties of cabbage and 
lettuce, contain much more calcium than the relatively 
colorless inner leaves of the headed varieties, though the 
phosphorus contents are about the same. Spinach and other 
l^f foods of “the goosefoot family"’ (Chenopodiaceae, in- 
cluding beet greens, chard, and spinach) have been found to 
contain relatively large amounts of oxalic acid which inter- 
fere with the utilization of calcium. The Compositae (in- 
cluding dandelion, endive, escarole, and lettuce) and the 
Crudferae (including broccoli, cabbaige, kale, turnip greens, 
and watercress) contain only insignificant amounts of oxalic 
add and are correspondingly better sources of calcium. 
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Table 9. — Calciuh aot Phosphorus Contents of Typical Foods 


Food 

Calcitjm 

Phosphorus 

Foods of Animal Origin 

Bacon, average 

percentage 

percentage 


1 0.006 

0.108 

Beef, lean muscle. . . . 

0.013 

0.204 

Eggs 

0.063 

0.224 

Milk. 

0.118 

0.093 

Cheese, Cheddar type 

0.930 

0.701 

cottage 

0.082 

0.263 

Grain FrodiLcts 



Oatmeal 

0.065 

0.387 

Wheat, entire 

0.053 

0.374 

White flour 

0.015 

0.101 

V¥hite bread 

0.05^* 

0.10^ 

Fruits and Vegetables 



Apples 

0.007 

* 0.012 

Broccoli, flowerbud... 

0.089 

0.111 

leaves 

0.318 

0.067 

twigs 

0.073 

0.038 

Oranges 

0.024 

0.018 

Potatoes 

0.013 

0.053 


^The calcium content of bread varies from about 0.02 to about 0.08 per cent 
according to the amounts of milk solids and "‘yeast food*' used. 

^Phosphorus also varies with ingredients used in breadmaking, but not so much 
as does the calcium content- This is partly because milk contains somewhat more 
calcium than phosphorus, and partly because “yeast foods” are chiefly calcium 
salts other than phosphates. 


These statements are based on determinations of oxalic acid 
in many specimens and by several investigators, while the 
direct experimentation upon calcium utilization has been 
chiefly with (1) spinach, (2) loose-leaf lettuce, and (3) kale 
and Chinee cabbage, as respectively repr^enting the three 
botanical families whose leaves are mc^t used as human 
food. 

Upon bringing together the evidence of several investiga- 
tions it is seen to he ^tablished by welhcxintrolled experi- 
maits that the caJdum of celery cabbie, Chinese cabbage, 
coliards, kale, leeks,. lettuce, rutabaga leaves, tendeigreen, 
and turnip top^, like that of milk, is well utilized in nutri- 
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tioa; while that of spinach and Xe\r Zealand spinach is 
utilized ver\" poorly if at all. 

Recent years have seen great scientific interest and re- 
search activity in the nutritional functions and values of the 
calcium and phosphorus compounds of foods with significant 
results in two diflferent directions: (1) it has become possible 
to discuss these elements much more fully than most others; 
and (2) the experimental evidence reveals complexities and 
individual physiological variations which warn us against 
generalizations from small numbers of experiments. Thus in 
compiling data on the calcium requirement of adult main- 
tenance we include balance experiments with widely differ- 
ent diets; but if any attempt were made to use these same 
experiments as evidence regarding the availability of the 
calcium of different focxls, the results might very probably 
be misleading because of insufficient numbers of cases on 
many individual foods. 


EXERCISES 

1 . Calculate the amounts of phosphorus and of calcium in the 
dietaries planned under Exercises 2 and 3 of Chapter V. 

2 - Would either more phosphorus or more calcium be desirable 
in either of these dietaries? 

3. Tabulate the caldum content (a) per 100 grams, (b) per 
100 Calories, for each of the forty foods of Exercise 2 of Chapter 
IV. 

4- If you wish to increase the calcium content of one of the 
dietaries you have planned , can it better be done by changing the 
proportions of foods it already contains, or by substituting for 
one or more of these foods others which you could now select from 
among the forty foods of the preceding Exercise? 

5- Would you substitute '‘gram for gram” or "calorie for 
calorie,” and why? 
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Chapter IX 


IRON AND THE NUTRITION OF 
THE BLOOD 

Small as is the amount of iron in the body, its functions 
are very vital. The chromatin substance of the nucleus of 
every cell is an iron~protein compound, and so is the hemo- 
globin which constitutes the outstanding material of the red 
blood cells and has the important responsibility of carrying 
oxygen and assisting in the maintenance of neutrality. 

There is a considerable concentration of the body’s iron 
in its blood, for while the blood usually constitutes about 
7 per cent of the body weight it contains nearer 70 per cent 
of the body iron. Hence any considerable shortage of iron in 
the body results before long in some kind or degree of anemia. 
Iron constitutes one-third of one per cent of the hemoglobin 
molecule, and hemoglobin is the main solid constituent of 
the red blood cell. 

Thus the study of iron in nutrition is intimately inter- 
woven with the problems of hemoglobin formation and re- 
generation, the building of the red cells of the blood, and the 
cure and prevention of anemia. Here, as throughout this 
book, we are interested in the relations of food and nutrition 
to health, but we are leaving medical problems to the 
physician. 

While an. iron-poor body tends to be anemic, it is impor- 
tant to keep clearly and constantly in mind that shortage 
of iron is not the only cause of anemia. And even an anemia 
curable by iron does not necessarily owe its origin to a short- 
age of iron in the food. The building and upkeep of the blood 
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is a complex process: it requires iron as an essential element; 
but it requires also other things, and right conditions. 

Copper, while not entering into the constitution of the 
hemoglobin molecule, exercises an essential influence upon 
the synthesis of hemoglobin. Thus there is the possibility 
that hemoglobin formation or regeneration may be retarded 
by shortage of copper, though under ordinary present-day 
conditions of life there is strong probability that the acci- 
dental intakes of copper will usually be ample for the body’s 
needs. 

Life-cycle of red blood cell. — ^The red cells of the blood 
are conceived as being formed in the bone marrow, circu- 
lating in the blood for an average life-time estimated by 
different investigators at from 40 to 100 days, and finally 
undergoing fragmentation either in the general blood-stream 
or in the spleen. The wearing-out of the individual red cell 
or corpuscle involves the breakdown of the stroma or con- 
taining-stmcture, and also of many of the hemoglobin 
molecules. The main non-protein parts into which hemo- 
globin is broken down are: (1) the pigment, bilirubin, which 
is then carried to the liver and excreted in the bile, and (2) 
iron compounds which may be used again in the formation 
of new hemoglobin- It was the interest in this re-uang of the 
iron which gave rise to the term hemoglobin r^eneration. 
This term gained such currency that we now sometimes meet 
it in scientific literature in connections which seem to indi- 
cate that the writers have used it without discrimination as 
to whether a real regeneration or a new formation of hemo- 
globin is actually involved. 

Anemia 

The term anemia usually indicate a condition in which 
the blood is deficient (below normal) in hemoglobin, or in red 
corpuscles, or in both. Clastifications of anemia vary, some 
being tesed on the change in the blood picture, and some on 
the cause of the departure from the normal. On the latter 
plan, Haden dasafies the chief causes of anemia as follows: 
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I. lacreased blood loss 

{a) Mechanical loss, hemorrhage (discussed below). 

(b) Increased destruction of blood in the body, as 
in certain familial abnormalities, in some in- 
fections, and under the influence of some toxic 
substances. 

II. Depressed blood formation 

(a) Depressed bone marrow function, as in nephritis, 

tumors of the bone marrow, some infections, 
and the toxic effects of some deleterious sub- 
stances. 

(b) Deficiency of specific substances 

(1) Hypochromic anemia type in which the 

lack is of some substance or substances 
required for hemoglobin formation. 

(2) Pernicious anemia type, having to do with 

depressed formation of the body or 
stroma of the red cell rather than its 
hemoglobin. 

The fact that a shortage of iron in the food results, if long 
continued, in anemia, does not mean that the majority of 
cases of anemia are to be attributed to shortage of dietary 
iron. On the contrary, of the five chief types of anemia recog- 
nized in Haden’s classification, only one type and only a part 
of the cases in that, can. be regarded as due to iron deficiency 
in the ordinary nutritional sense. Only a minority (and per- 
haps only a small minority) of the cases of anemia encoun- 
tered can be explained on the simple ground that the food 
was iron-poor. And the fact that administration of iron is 
helpful does not prove that the anemia occurred because of 
iron-|xx)r food. For, when iron is given therapeutically, the 
dosage is usually so many times greater than the iron content 
of a good average diet that the iron therapy has more of a 
pharmacodynamic than of a normal nutritional aspect. In 
other words the prevalence of anemia is more a medical 
problem than a simple problem of food supply. 
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Nutrition in the broader sense is of course involved in all 
such processes as hemoglobin formation and regeneration 
and in the building of the stroma of the corpuscles, so that 
in this sense recovery from anemia is largely a nutritional 
problem whether or not the anemia occurred because of any 
nutritional deficiency of the food. 

Correspondingly we find that experimental studies of 
anemic conditions have added to our knowledge of nutrition, 
and have even been utilized as a means of evaluating an 
aspect of the nutritive value of foods. 

Three distinct types of anemia (hemorrhagic, pernicious, 
and iron-deficiency) have thus figured somewhat promi- 
nently in the recent literature of nutrition and should be very 
carefully distinguished; for undiscriminating statements re- 
garding nutritional anemia and its cure by foods may be 
very misleading. 

Hemorrhagic anemia. — The word hemorrhage tends to 
suggest a sudden large loss of blood, but it is to be remem- 
bered that there may be unseen gradual losses of blood, for 
example, through the wall of the alimentary tract, which if 
persistent become significant. 

A large loss of blood at one time obviously first reduces 
the volume in circulation. The volume,- however, is rapidly 
restored by the absorption into the blood stream of fluid 
from the tissues, with corresponding dilution of the blood 
both as regards the concentration of red cells and of their 
hemoglobin. Then, in the regeneration of blood after hemor- 
rhage, new red cells are formed more rapidly than is hemo- 
globin, so that the red cell count becomes normal earlier 
than does the concentration of hemoglobin and the depth of 
red color. In this state the blood is said to have a low color 
index. (Numerically expressed, the color index is the quo- 
tient resulting from the division of hemoglobin-in-percent- 
age-of-the-normal by number-of-red-cells-in-percentage-of- 
the-normal.) This condition of low color index (greater 
paucity of hemc^Iobin than of erythrocytes) is quite simi- 
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lar whether it results from a single large loss of blood or 
from the chronic loss of small amounts. 

In the rebuilding of the blood to normal after anemia has 
resulted from hemorrhage, the problem usually seems, 
therefore, to center in the question of inducing restoration 
of the hemoglobin; but to take it as simply a hemoglobin 
problem may be misleading. For hemorrhage depletes the 
blood of all its characteristic constituents, and while the 
body usually restores the others more rapidly, thus leaving 
hemoglobin as the limiting factor in the regeneration, the 
extent to which this is true may depend very largely upon 
the body-stores of the individual as determined by the 
previous nutritional history, and perhaps still more largely 
upon the nature of the dietary during the period in which 
the rebuilding of the blood is being observed. Whipple, who 
has experimented very extensively and systematically with 
hemorrhagic anemia in dogs, early recognized the impor- 
tance of both these latter factors. To control individual varia- 
tions, he keeps his animals under continuous laboratory- 
sanitarium care and observation between as well as dur- 
ing the experimental periods; and to prevent unknown 
influences entering through the food, Whipple has long 
used a basal diet which he worked out and standardized 
for this purpose. This feature is of great value in giving 
precision and validity to his comparisons of different ^^ex- 
perimental variables'’ tested as additions to the standard 
basal dietary. The reader, however, in interpreting this and 
other work, should keep constantly in mind the fact that if 
some other basal diet had been just as carefully devised and 
systematically employed it might have given the findings 
a somewhat different aspect throughout. 

Critical interpretation may appropriately be emphasized here 
because it is of special importance to one who would read under- 
standingly the anemia literature of the recent and present period 
of simultaneously rapid developments in research upon different 
types of anemia; especially the nutritionally very different, 
though somewhat overlapping, conditions of (1) hemorrhagic 
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anemia, (2) anemia induced by iron-poor focxi, and (3) pernicious 
anemia. Here as elsewhere in science the critiail interpretation 
enjoined upon the reader does not mean a fault-finding bias 
against what has been recorded but rather that the reader main- 
tain a rigorous attitude toward his own mental processes as he 
reads and reflects. Assuming that we find no fault with the out- 
standing investigations on the three types of anemia just men- 
tioned, we have still to demand of ourselves the highest and most 
rigorous degree of thoroughness and scientific acumen of which 
we are capable in the thinking through, and the fitting together 
in our own minds, of the contributions which have come (and 
apparently are still coming) simultaneously from these largely 
independent but somewhat overlapping three fields of nutritional 
research in anemia. 

Experimentation has been well characterized as putting ques- 
tions to Nature. The experimental data are then accepted as the 
answers which Nature gives to the questions which the investi- 
gator has asked by means of his experiments. One writer has said 
that clarity of scientific thought would be advanced if instead of 
'‘data” (“givens”) we could use some such word as “takens” as 
the conventional label for experimental evidence, because what 
we find depends largely on the way in which we look (investigate) , 
so that to a larger extent than the uncritical reader usually 
realizes, experimental findings are partial and selective depending 
upon the plan and method of the research which reveals them. 

Thus in the matter here under consideration, hemorrhagic 
anemia, iron-deficiency anemia, and pernicious anemia are 
all in a sense nutritional; but if it be asked how any given 
foods compare as to value in nutritional anemia, the answer 
must depend upon the type of anemia in question. The value 
of any food-supplement in the WTiipple type of hemorrhagic 
anemia is its value as a source of what is most needed to 
make good the difference between what has been removed 
from the body by hemorrhage and what the basal experi- 
mental diet supplies; while in the second type of anemia the 
Vcdue will depend more specific:ally upon iron (or iron and 
copper) ; and in the pernicious anemia type the nutritional 
need is not for ircm w a>pper, and may or may not overlap 
the need of tfc h^norrii^c type but certainly is not iden- 
tical with it. For, as already briefly mentioned, hemoglobin 
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is usually the limiting factor in the rebuilding of blood after 
hemorrliage, while the building of the red cell stroma is 
usually the limiting factor in pernicious anemia. 

Here again we must be on guard against over-simplifica- 
tion . We ha\'e just spoken as if the nutritional need for the 
rebuilding of good red cells could be stated in terms of 
materials to enter into their structure; but obviously it is 
also to be remembered that the blcod-building tissues may 
be amenable to (may even be in need of) stimulation to 
increased activity. So that what is nutritionally needed may 
be either a building-stone or a stimulating (activating) sub- 
stance, or both. 

Pemicioxis anemia, — ^The type of anemia which was desig- 
nated as pernicious at a time when it seemed peculiarly 
resistant, both to therapy and to scientific understanding, 
has now been largely conquered. Or perhaps we should rather 
say that it has been largely solved as a scientific problem 
and the means for the therapeutic conquest of individual 
cases as they arise are now available and widely understood. 
The blood picture in pernicious anemia is mainly that of 
deficient formation of red cells, these being usually sub- 
normal in number and often undersized and irregularly 
shaped. Moreover, the sufferer from pernicious anemia char- 
acteristically shows deficient gastric secretion. Through the 
researches of Castle and others an explanation of the specific 
need in pernicious anemia hats been suggested in terms of 
two factors^ the intrinsic and the extrinsic. According to this 
view the extrinsic factor is furnished by the food (in Castle’s 
experiments by beef), and the intrinsic factor is furnished 
by a normal gastric juice. These two factors react to form 
the anti-pemicious anemia substance. The primary cause of 
a typical case of {^micious anemia is an abnormality of the 
gastric juice which renders it inadequate as a source of the 
intrinsic factor, and the remedy consists either in re- 
establishing the normal functioning of the stomach as a 
secretory organ or in supplying the anti-i)emicious anemia 
substance in some artificial way. Liver and liver extracts 
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are largely used for this purpose. Dr. Minot complains that 
too much publicity has been given to this fact so that too 
many people have an uncritical impression that liver is of 
high nutritive value with the result that the consuming 
public’s demand for it makes liver “unduly expensive to 
those who really need it.”* For liver is not a food-crop in 
itself: its production can only be increased by rearing and 
slaughtering more animals of which the liver constitutes 
only a very small part. Hence there is far-reaching value in 
the recent finding by Dr. Mary S. Rose that for purposes 
of normal nutrition all the dietary virtues of liver can be 
supplied as well (or better) by eggs. Eggs are a crop in 
themselves, and their production responds so readily to 
consumer demand that increased consumption has extremely 
little effect upon price, and that usually only temporary. 

Iron-deficiency anemia. — ^The anemia familiarly produced 
in the laboratory by keeping young animals an abnormally 
long time on a diet of milk alone, has been shown to be 
due to a deficiency of iron, or copper, or both. If this condi- 
tion were encountered clinically it would be classified as a 
hypochromic anemia, because it shows a low color index, 
i.e., a greater deficiency in hemoglobin than in the eryth- 
rocyte count. And if the low color index was not obviously 
secondary to hemorrhage, food-deficiency, or some infective 
or other toxic condition, the case would be classified as one 
of idiopathic hypochromic anemia. 

The usual clinical t5T>e of hypochromic anemia is more 
frequent in women than in children or men, and it responds 
to iron therapy. But the doses of iron used to effect a cure 
are usually so many-fold greater than the amounts con- 
tained in any ordinary dietary that the success of the iron 
therapy can not logically be interpreted as indicating that 
the anemia wats due to simple shortage of food-iron. It is 
thought that the menstrual hemorrhage may perhaps play 
the dominant part in the origin of these hypochromic 

♦In and around New Yco-k City this price-sitoation appears at present (tSWO) 
to be true erf calv^’ liver but ncA cA be^ liver, the latter bdag stiU relatively cheap. 
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anemias of Avomen; and as they appear in some women on 
the same sort of diet on which other women maintain a 
normal condition of the blood, the term idiopathic may 
therefore appropriately cany^ the suggestion that the woman 
who is less fortunate in this respect may be the victim of 
an idiosyncrasy in hemoglobin-economy, either losing more 
than other women or being slower in rebuilding what has 
been lost. To the extent that this view is adopted, the ques- 
tion then naturally arises whether “standards” for the iron 
contents of women’s dietaries should be set so high as to 
provide (if possible) for the idiopathic losses of the lew as 
well as the normal nutritional needs of the many. To attempt 
to give all dietaries a degree of richness in iron which is far 
beyond the needs of most people may unduly complicate 
the planning of diets and the general food supply problem. 
The policy of leaving idiosyncratic needs (idiopathies) to be 
treated as individual medical problems is certainly safer in 
the case of iron than of most other nutritional factors be- 
cause an iron-poor condition of body declares itself more 
promptly and unmistakably than perhaps any other nutri- 
tional subnormality. Even emaciation may J^e mistaken for 
a sedulously cultivated slimness; but anemia is practically 
unmistakable, and under the conditions of present-day civili- 
zation a case of incipient anemia, whether idiopathic or not, 
is apt to be noted and to receive medical attention before 
it becomes a significant hazard to health or efficiency. 

Iron Requirements in Normal Nutrition 

Here as in our other quantitative studies of nutritional 
needs we shall probably do best to start by asking how much 
need be metabolized by the healthy adult. Let us first glance 
at the rate of output of healthy men when fasting, and 
then take up the experimental evidence as to how much 
iron must be supplied by the food for the maintenance of 
approximate equilibrium in the normal adult maintenance 
metabolism. 

Lehmann found that two men, Cetti and Breithaupt, 
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eliminated 7.3 and 7.7 milligrams of iron per day, respec- 
tively, while fasting. Nearly all of this was in the feces; for 
the chief path of elimination of metabolized iron is through 
the intestinal wall. In the case of iron, as of protein, one 
readily suspects that when the body is living on its own 
substance there may be a greater elimination than there 
need be on a diet planned for economical use of material. 

Stockman fed such a diet to four men and found that, 
while receiving this, they eliminated 3.7, 6.3, 9.3, and 11.5 
milligrams of iron per day, respectively. Von Wendt, serv- 
ing as his own experimental subject, found his iron output 
to vary with his diet from 8 to 16 milligrams per day, the 
largest amount of iron being needed (or sacrificed) when 
the diet was deficient in calcium. In iron-balance studies by 
Sherman, three diets differing in various respects, but all 
composed of ordinary articles of food, furnished 5.7, 6.5, 
and 7.1 milligrams per day of iron, and on these diets the 
respective outputs of iron averaged 5.5, 8.7, and 12.6 
milligrams per day. Here the metabolism of iron was clearly 
more economical on a diet of bread and milk than on the 
other diets tried. This is in accordance with Von Wendt’s 
finding that fairly liberal calcium intake is favorable to 
the iron economy; but the experimental diets here used 
differed in other respects as w'ell as in their calcium (X)n- 
tents. Later experiments of a different kind by Orten, 
Smith, and Mendel showed that with calcium as the sole 
variable, the adequacy of the calcium intake may have an 
important influence upon the body’s use of iron in nutri- 
tion. In experiments under extreme conditions it has also 
been shown that enormously excessive additions of calcium 
salts to the diet may interfere with the iron economy; but 
this is a condition not likely to be met in humatn experience. 
Much more repr^entative were the British experiments with 
sheep on quite ordinary low-caldum food suppli^, in which 
it was found that as the sheep ODntinued to lose calcium 
they also grew anaonic (personal conimunicatk)n from Sir 
John Boyd Orr, Dir^or of the Nutrition Research Institute 
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at Aberdeen). Aluch of the work thus far mentioned was of 
a more or less pioneering character, with somewhat widely 
varied (though in each case quantitatively controlled) iron 
intakes. 

Two of the more recent investigations — those of Farrar 
and Gk>Idhanner and of Vahlteich, Funnell, MacLeod, and 
Rose, respectively — have the merit of combining careful 
planning in the light of previous experience with a sufficiently 
low iron intake to put the body to a real test as to its nu- 
tritional need. 

Farrar and Goldhamer found, with four people, average 
daily exchanges of 5.2, 7.1, 7.8, and 9.1 milligrams of iron 
daily. Their careful consideration of the circumstances of 
each case inclined them to the view that the level of actual 
need for healthy adult maintenance is, for average people, 
near the lowest of these figures. 

Women ^rved as subjects in the work of Vahlteich, Fun- 
nell, iMacLeod, and Rose. Here the iron exchanges in the 
four cases studied averaged 5.7, 6.1, 6.1, and 6.2 milligrams 
of iron per day, respectively. Such a consistent result from 
such carefully planned and conducted experiments consti- 
tutes strong evidence that about 6 milligrams actually 
sufficed for the normal maintenance metabolism of these 
healthy women. 

There are, however, also on record several studies of iron 
metabolism in women which have yielded considerably 
higher results. In part, these higher findings are the result 
of either uncontrolled or less rigorously controlled intakes. 
In iron- balance experiments, as in the nitrogen-balance ex- 
I>eriments by means of which one studies the protein metab- 
olism, high intake induces high output; so that output can 
be taken as an indication of quantitative need in those 
cases only in which the intake is low enough actually to 
bring the body to its true minimal level. At higher levels of 
intake, neither the level of output nor the balance throws 
any reliable light upon the quantitative question of the 
maintenance requirement. 
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It is a mistake to suppose that a negative balance neces- 
sarily means am insufficient intake. If the intake is higher 
than the actual need for maintenance the body is not put 
to the test of showing by its output how much it really 
needs. With high intakes the body has a surplus which, so 
to speak, it is in position to use whimsically: it may, and 
does, show sometimes minus balance. Such balance experi- 
ments at relatively high intakes may show something which 
the investigator wishes to see; but not maintenance require- 
ment . 

Kor can one usually learn much about the maintenance 
requirement from experiments in which the intake is not 
uniform from day to day. The drawing of a strictly quanti- 
tative interpretation from the data of a balance experiment 
(or of a collection of such experiments) is a delicate task at 
best; and, in our opinion, wwld better not be attempted 
for experiments or observations whose ''data’' lack the 
fundamentally important datum of a uniform daily intake. 
When the intake of a balance experiment is allowed to vary 
from day to day, even if it is accurately measured, the 
quantitative interpretation of the output becomes so uncer- 
tain that, if attempted, the attempt is all too likely to 
mislead both the investigator and the reader. 

The problem of the maintenance requirement of iron for 
adults is further complicated by the question, whether (and 
if how) shall the "maintenance” requirement provide for 
the menstrual blood-loss and its replacement in women? 
Estimates of the amount of iron leaving the body in the 
menses vary greatly. The data whose accuracy we feel best 
able to judge showed about three milligrams of iron in the 
total monthly blood-lc^. Obviously the replacement of 
three milligrams of body-iron in the course of twenty-eight 
days would add only about a tenth of a milligram to the 
daily requirement. But some other ot^rv^ers have published 
figures for menstrual iron varying up to a maximum several- 
fold higher. Probably at least two major causes cx>ntribute 
to this disconcertingly large variation in the reported data: 
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(1) experimental errors, and (2) physiological variations in 
menstrual blood losses among “ostensibly healthy” women. 
Among experimental errors the reader who has not had 
experience in such laboratory work vdll probably think first 
of the possibility of incompleteness in the collection of the 
material; but this is ob\nously the error against which the 
observer would be most fully forewarned and on guard, and 
we are confident that the low'est recorded findings are among 
those of highest technical accuracy. Probably a larger, much 
more treacherous, source of experimental error is in fact 
that the invisible dust of most laboratories is relatively high 
in iron. With the best of intentions it remains extremely 
difficult to carry through such a collection of material and 
determination of iron as is here involved without incurring 
an error of unknown magnitude from the iron (iron oxide) 
dust of the laboratory air which has added itself to the 
iron of the material under investigation, — either directly, 
or indirectly through materials and utensils handled in the 
laboratory, or both. Hence to one experienced in the sources 
of laboratory error in this particular field of investigation, 
the higher estimates do not command higher confidence 
than the much lower ones. 

Whether physiological variations in the menstrual losses 
of iron are really as great as the face values of recorded data 
suggest, and what quantitative allowance for such loss 
should be made in estimating the average daily iron require- 
ments of healthy w^omen, are, therefore, questions which at 
present can not be answered with satisfactory accuracy. 

Rose, in her Fmniations of Nutrition, Third Edition 
(1938), tends to treat the high estimates of menstrual losses 
and of pregnancy requirements as cumulative considerations 
suggesting a generous degree of liberality in iron allowances 
for women. Strauss of the Harvard Medical School recom- 
mends the regular inclusion of iron salt in the dietaries of 
pn^nant women; and it may prove wise to extend this 
provision to such other women also as may appear to their 
phyacians to have (for any known, or even unknown, 
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reason) a requirement for more iron than a “good average” 
dietary will regularly supply. 

We have seen, in the brief sketch of the anemias given 
earlier in this chapter, that idiopathic hypochromic anemia 
may be somewhat frequent among women. Such cases 
should be quite practicable of diagnosis by the “nutrition- 
conscious” physician, and when found may perhaps better 
be provided for by a regular daily allowance of iron salt 
than by trying to provide a high iron intake through food 
selection. 

For an attempt at great enrichment of the iron content 
of the diet through food selection may distort the dietary or 
the food budget by the inclusion of an undue proportion 
either of fibrous or of exp>ensive food materials. 

Iron in the Nutrition of Children 

The normal child is bom with a considerable store of 
reserve-iron in the body. Undoubtedly this endowment at 
birth is of value to the baby’s prospect of survival, of 
healthy development, and of having a healthy and vigorous 
progeny in its turn. 

Or, in a different way of speaking, it is “more efficient 
and safer” to transfer this iron to the baby through the 
mother’s placenta than through her mammary glands in 
lactation. For, while milk contains iron, and in favorable 
conditions the milk iron is well utilized, still there are cer- 
tain (and possibly also some uncertain) digestive hazards 
which are avoided or minimized by the advantage which 
the newborn baby enjoys of having enough iron already 
stored in his body to meet the iron-requirements of his 
normal development for perhaps six months if he absorbed 
no iron from his food, or perhaps a year when he absorte 
a normal proportion of the rather small amount of iron which 
milk (xmtains. 

Both the reserve iron stored in the body before birth and 
the food iron at^orbed by the baby are largely used in the 
building of hemc^lobin. Even so, if the baby grows rapidly 
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his body ske may, and in the majority of cases does, increase 
somewhat faster than the total body hemoglobin, with the 
result that the child goes through a period of what is oddly 
called “physiological anemia.” More clearly stated, such a 
child is in a normal (physiological) phase of his development 
and need not (should not) be considered anemic even if 
his hemoglobin percentage is lower than at other ages, or 
perhaps than in more slowly growing children of the same 

“Standards” for Iron Content of Dietaries or Food Supplies 

Dr. Mary S. Rose recommends 0.5 milligram of iron per 
100 Calories of food in family food supplies. This is a gener- 
ous allowance and follows the same principle as in setting 
the “standard” for protein as 10 to 15 per cent of the total 
calories. That is, for children as compared with adults, it 
provides the same degree of liberality of . intake of the build- 
ing materials as of energy per unit of body weight. The child 
getting, say, twice as many calories per kilogram, gets also 
twice as much protein and iron per kilogram as its parents. 

This general plan is probably better than the setting up 
of a series of “standards” of iron intakes for different ages 
and sizes. But the allowance of 0.5 milligram per 100 
Calories is perhaps somewhat disproportionately generous. 
With the expectation that idiosyncratic needs will receive 
individual attention as they appear, it would seem ample to 
set family and general population allowances for food iron at 
0.4 milligram per lOO Calories. 

The foregomg dietary standards or allowances for food 
iron do not need general upward revision because of recent 
and current findings indicative of low “availability” or 
“utilization” of the iron of everyday foods, because it is 
upon iron-balance experiments with just such everyday 
foods that the dietary standards of the past thirty years 
have been based. 
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Iron and Copper in Foock 

Little weight can be attached to such statements regard- 
ing the iron content of foods as were based upon the data 
obtainable from the ordinary tables of ash analyses of the 
past, as these were usually obtained by methods which are 
likely to overestimate greatly the amount of iron. More 
recently, other methods of estimating iron have come into 
use which are liable to large laboratory errors in both direc- 
tions. Data for iron contents of foods given in this book 
are averages of data critically compiled from many sources, 
so as to minimize individual errors. Table 10 shows the 
approximate amounts of iron now believed to be present 
in the average edible portion of typical food materials ex- 
pressed (1) in milligrams per 100 grams of edible material, 
(2) in milligrams per 100 giams of protein, and (3) in milli- 
grams per 3000 Calories. 

Percentages of iron in many other foods will be found in 
the Appendix. 

Estimates of the amounts of iron contained in many 
American family food supplies have been made. The major- 
ity of these were found to furnish about 15 to 20 milligprams 
of iron per ^'man’"' or ^^consumption unit'* per day. Appar- 
ently, therefore, the typical American dietary contains a 
much better surplus of iron than of calcium, yet not so great 
a surplus as would justify leaving the supply of iron entirely 
to chance; hence the following comments upon different 
articles or types of food as sources of iron (and copper). 

Meats , — In ordinary muscle meats the iron exists chiefly 
as hemcglobin, belonging in part to the muscle cells and in 
jxut to retained blood. Since fatty tissue contains much less 
iron, the iron content of fat meat is much lower than that 
of lean, and in order to ^tablish a useful general estimate 
of the amount of iron in meat it seems best to refer the iron 
to the protein cxmtent rather than to the grc^ weight of 
the m^t. The r^ults will still be influence by the extent 
to which the blood has been either accidentally or intoi- 
tionally removed from the mnsde. 
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Table 10. — Iron in Typical Food ^Materials 


Food 

Irok per 100 
Grams Fresh 
Substance 

Iron per 100 
Grams 
Protein 

Iron per 
3000 

Calories 

Beef, all lean 

milXi^ams 

3. CP ; 

milligrams 

13 

miUigrams 

80“ 

Beefsteak, medium fat 

2.0“ 

13 

43“ 

Eggs 

3.13 

23 

64 

Egg yolk 

8.6 

53 

72 

Milk, whole 

0.24 

7 

10 

Milk, skimmed 

0.25 

7 

20 

Cheese. 

1.3 

5 

9 

Oatmeal. 

4.8 

30 

36 

Rice, polished 

0.9 

11 

8 

White flour 

1.0 

9 

8 

WHieat, entire grain . . . 

5.0 

45 

42 

Beans, dried 

10.5 

47 

91 

Beans, string, fresh... 

1.16 

48 

82 

Beets 

0.85 

54 

55 

Cabbage, headed 

0.43 

31 

45 

Carrots 

0.64 

53 

43 

Kale 

2.54 

65 

152 

Peas, dried- 

5.7 

23 

48 

Potatoes 

1.02 

52 

37 

Spinach 

2.55 

111 

310 

Turnips 

0.52 

47 

46 

Apples 

0.36 

94 

18 

Bananas 

0.64 

56 

20 

Oranges 

0.36 

45 

22 

Prunes, dried 

2.85 

135 

29 

Tomatoes.. 

0.44 

49 

58 


“Figures for meats can be only rough approximations because of variations in 
fatness, as well as differences between different cuts. Forbes and Swift report that 
organs contadn more iron than muscle meats, while pork and lamb contain much 
le^ than beef. 

For fresh lean beef (containing the usual proportion, of 
blood) the results collected by Sherman averaged 0.00375 
per cent iron, but Forbes and Switt (1926) reported con- 
siderably lower results, 0.0024 to 0.0025 per cent. Hence, 
in computing the data for Table 10, a value intermediate 
between the averages of the two sets of findings has been 
used. 



IRON 


159 


Some years ago, chiefly as a means of avoiding the 
serious discrepancies which might otherwise arise from the 
great variability of meat in fatness, it was suggested that 
a rough estirnate of the amount of iron furnished by the 
meat of a dietar\^ might be made by assuming that with 
ex^ery lOO grams of protein the meat xvould furnish about 
0.015 gram (15 milligrams) of iron. This estimate Forbes 
and Sxvift consider to be “a little high for beef and veal, 
and much too high for lamb and pork, while it does not 
apply at all closely in relation to heart, brain, liver, 
spleen, kidney, and blood’'. All of these latter are such 
minor products in comparison with ordinary muscle meats 
that even if completely utilized as human food their effect 
would be to raise but slightly the percentage of iron in the 
meat supply as a whole. Hence it appears from the work 
of Forbes and Swift that the custom of assuming in dietary 
calculations that meats furnish about 15 milligrams of iron 
per 100 grams of protein has somewhat overestimated the 
value of beef and veal, and much overestimated that of 
lamb and pork, as sources of iron; but that the use of this 
factor becomes more nearly correct as products such as 
liver, spleen, and kidney are being more largely utilized as 
human food. It should, however, alwaya be kept in mind 
that any such single factor can serve merely for the dis- 
cussion of meats as a whole and not for the comparison of one 
meat with another. 

The copper content of beefsteak was found by Lindow, 
Elvehjem, and Peterson to be about one part in 1,000,000; 
and other beef products showed very similar figure, except 
liver, which contained, weight for weight, about twenty 
tim^ as much cx>pper as musde tissue. 

Eggs . — The edible portion of hens’ eggs has shown as the 
average of sevoal analyses almost exactly 0.(X)3 per cent 
of iron. Whether the iron rontent of ^gs can be increased 
by giving to ix>ultry food ridi in iron, is a disputed qu^tion. 
It ^ans probable that both the lelalively high iron content 
of the and its copf^r cc^tent of about two parts per 
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milliori are properties rather definitely fixed by nature. In 
experiments at the University of Wisconsin the iron and 
copper contents of eggs remained unchanged when the diet 
of the hen was enriched with added iron, or copper, or 
both. 

There ivould seem to be no room for doubt regarding the 
assimilation and utilization of the iron compounds of eggs, 
since they serv^e for the production of all the iron-containing 
substances of the blood and tissues of the chick, there being 
no introduction of iron from without during incubation. 
Iron-balance experiments with young women have shown 
that the iron of egg is also highly efficient in human nutri- 
tion. As already noted, Dr. Mary S. Rose considers eggs in 
all respects equal to liver in normal nutrition. 

Milk . — ^Analyses of samples of cows’ milk of widely 
different origin have given results varying both with the 
milk and vnth. the analyst, and averaging about 0.0002 
per cent of iron in the fresh substance. 

The iron of milk is readily absorbed and assimilated. 
Moreover, metabolism experiments indicate that the iron 
of milk is likely to be utilized to especially good advantage, 
perhaps on account of its association with a liberal (but 
not excessive) proportion of calcium, and with other mate- 
rials of high body building value. 

According to work at the University of Wisconsin, milk 
contains only 0.000015 per cent of copper, and neither the 
iron nor the copper content of milk is much influenced by 
the feeding of iron or copper salts, or both, in addition to 
the normal ration of the cow. Thus milk is apparently rather 
well stabilized by nature in the matter of its calcium, phos- 
phorus, iron, and copper contents. The fact that the Wis- 
consin workers find a higher copper content in calves’ liver 
than in beef liver may perhaps be taken as an indication 
that the body of the young mammal is thus provided with 
a reserve store of copper as well as of iron at birth. 

Grain praducts . — Iron occurs in considerable quantity in 
the cereal grains, but the greater part of it is in the germ 
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and outer layers, and so is rejected in the making of the 
‘‘finer” mill products, such as patent flour, polished rice, 
and new-process com meal. To test the value of the iron in 
the outer layers of the grain, Bunge several years ago 
carried out the follomng experiment: 

A litter of eight rats was divided into two groups of four 
each. One group was fed upon bread from fine flour, the 
other upK)n bread made from flour including the bran. At 
the end of the fifth, sixth, eighth, and ninth weeks, respec- 
tively, one rat of each group was killed, and the gain in 
weight, the total amount of hemoglobin, and the percentage 
of hemoglobin in the entire body were determined. 

Here the bran-fed rats not only made a much greater 
general growth, but developed both a greater amount and 
a higher percentage of hemoglobin. There can be no doubt 
that the iron and other ash constituents of the outer layers 
of the wheat were well utilized in these cases. 

The recent work of 'M. S. Rose and her collaborators also 
shows clearly the good utilization of the iron of whole wheat 
in hemc^Iobin formation as tested with rats; and the high 
efficiency of the iron of whole wheat in human nutrition as 
measured in balance experiments with young women. 

Fruits and fresh vegetables are often regarded as of low 
nutritive value because of their high water content and low 
proportions of protein and fat; but largely for this very 
reason they may be especially imp>ortant as sources of food 
iron, becau^ they can be added to the diet without replacing 
other foods, and without making the total calorie consump- 
tion excessive. Present transportation facilities and methcxls 
of preserving tend to equalize the cost and increase the 
available variety of fruits and vegetables throughout the 
year. Several years ago Von Noorden had found in r^^ard 
to the feeding of children that: 

“The nec^ity of a generous supply of v^tabl^ and 
fruits must be particularly emphasized. They are of the 
greatest importance for the normal development of the body 
and of all its functions. As far as children are concerned, 



162 ESSENTIALS OF NUTRITION 

we believe we could do better by following the dietary of 
the most rigid vegetarians than by feeding the children, as 
though they were carnivora. . . . If we limit the most 
important sources of iron, — the vegetables and the fruits, — - 
we cause a certain sluggishness of blood formation and 
. . . lack of reserve iron, such as is normally found in the 
liver, spleen, and bone marrow of healthy, well-nourished 
individuals.’’ A little later it was found, in an experimental 
dietary study made in Kew York City, that a free use of 
vegetables, vrhole wheat bread, and the cheaper sorts of 
fruits resulted in a gain of 30 per cent in the iron content 
of the diet, while the protein, fuel value, and cost remained 
practically the same as in the ordinary mixed diet obtained 
under the same market conditions. Gillett and Rice also 
found that the general advance of nutrition consciousness 
and dietary intelligence had similarly improved the typical 
family food supplies of the New York City poor between 
1914-15 and 1928-29. This was found by the use of the data 
for iron in foods which were available some years ago. 
Peterson and his coworkers suggested that fruits and v^e- 
tables, generally may have even higher iron values than 
hitherto appreciated. This led to a large number of new 
determinations of iron in fruits and vegetables by Stiebeling, 
wrho also computed new general averages for fruits and 
v^etables which took account of Peterson’s and other data 
as well as her own. 

Cuirenf Applications and Interpretations 

Stiebeling has also estimated the contributions of different 
articles and types of food toward the total iron values of 
the dietaries of typical American families, and of com- 
munity, regional, or national food supplies. Much of this 
work is still in progress at the time of writing (1940) but a 
t3rpical finding may be dted as follows: 

Stiebeling and Phipard found in the dietaries of a group 
of 26 East North Central families spending $1.88 — ^12.49 
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weekly per capita for food, that fruits and vegetables fur- 
nished 34 per cent of the total food iron; meats, including 
poultry and fish, 29 per cent; grain products, 19 per cent; 
eggs, 10 per cent; milk and its products, 7 per cent; and 
miscellaneous items, 1 per cent. 

WTiether and to what extent the iron of one group of 
foods has a higher, and that of another group of foods a 
lower, availability or utiiizability in normal nutrition, are, 
in our opinion, questions which cannot yet be definitely 
answered. Many recent statements or implications which 
superficially appear to bear on this question are seen on 
closer examination to be either of doubtful applicability to 
the actual problem of normal nutrition, or to give exagger- 
ated impressions. The tendency which some investigators 
and writers have shown to count the percentage of iron 
which responds to a certain in vitro reagent as a measure 
of the percentage available in nutrition involves far too 
much of extrapolation to be defensible in scientific principle 
and has certainly in some cases been misleading in practice. 
Another frequent fallacy has been to confuse the availability 
of the iron in a food with the effect of the food in promoting 
hemoglobin formation in an anemic animal. We have seen 
earlier in this chapter that iron is not always the limiting 
factor in hemoglobin formation, that the different experi- 
mental anemias are not interchangeable, and that it is 
doubtful what bearing the experimental anemia studies 
have upon the process of blood formation in normal nutri- 
tion. The further warning must be added that very con- 
flicting results have been reported by different groups of 
even experienced investigators notwithstanding the use of 
supposedly the same experimental method. Thus neither the 
technique nor the interpretation of such experiments can 
yet justify confidence. About all that we can see clearly at 
present is that the methods, both in vivo and in vitro, 
recently so much leed for studies of suppcsed differences of 
availaWlity, give sudi uncertain results and such exagger- 
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ated impressions that it is much safer as yet to continue 
the use of simple average figures of iron content as the best 
approximation to the relative iron mines of foods. 

The figures for iron contents of foods given in Table 10 
and in the Appendix of this book are recent averages which 
take account of the data of Peterson and of Stiebeling above 
mentioned, of th<^ by one of us in previous writings, 
and in ^veral of additional new data from various 

sources. 

These 1939 averages are in a fair proportion of cases, in- 
duding mc^t of the more important foods, the results of 
analyses of sample so numerous and from so many sources, 
that they probably mil be relatively little changed by the 
future accumulation of further data. It remains true, how- 
ever, that figure for iron are subject to relatively larger 
proteble error than are the corresponding data for caldum 
and phc^phorus. This is partly because the actual percent- 
ages of iron in food are so small that the unavoidable errors 
of the laboiatory work of preparing and analyzing the food 
sampler tend to become a larger fraction of the actual value. 
Protebly, too, the methods for quantitative determination 
of iron are more “treacherous” than those for protein, or 
phc^phorus, or caldum; in the sense that the ^^personal 
equation’’ tends to be relatively larger and more variable 
in the determinations of iron. For these re^ons it is difficult 
to judge whether or not a given type of food is relativdy 
more variable by natuiie in its iron than in its protein, 
phosphorus, or caJdum cx>ntent. 

But if our knowledge of iron requirements in nutritioir 
and iron contents of foods is still somewhat sketchy, re- 
a^ranco is afforded by the important fact that any ten- 
dency toward an iron-poor condition of bcxly is apt to be 
recognized and connected promptly. 

EXERCISES 

1. Calculate the iron contents of the dietaries previously 
phmmd, and compare with your judgmmt of the requiranents 
erf the people to be fed. 
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2. What substitutions, preferably from among the forty foods 
previously tabulated, would enrich one of these dietaries in its 
iron content without any disadvantageous change in its general 
character or in its cost? 

3. Would it be more practicable to make the proposed substitu- 
tion weight for weight, or Calorie for Calorie? 

4. What is an average medicinal dosage of iron per day? 
Would it be feasible to provide so much iron through fo^ 
selection without distorting the dietary or making it unduly 
costly? 

5. Is there, in the light of present-day knowledge, any sound 
objection to making nutritional use of iron salts, under medical 
guidance, so as to be freer in planning the best use of the food 
money? 
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Chapter X 


rODINE 

The Endocrine Glands and Especially the Thyroid 

It has now become a concept familiar to almost everyone 
that the physical and mental development of an individual 
as well as the course and rate of his metabolic processes are 
controlled to a large extent by a group of organs known as 
the endocrine glands or the glands of internal secretion. Each 
of these elaborates one ca" more physiologically active, spe- 
cific chemical sutetances, known as hormones, which it 
distributes through the blood stream to the entire body, 
exerting in this way a “diemical control” over even the 
m<»t remote parts. \^Tien, for some reason, there is either 
a deficiency or an overabundance of the secretion of one of 
the endocrine glands, phyacal or metabolic abnormalities 
may become evident. Most of these conditions lie outside 
cf the ^here of this book (the student interested in these 
aspects is refmed for a n<Mi-technical discussicni to Hcskins’ 
The Tides of Life'); but one such manifestation, the dis- 
turbance of the thjrmd gland known as simple goiter, has 
now bem diown to be predcnninantly of nutriticmal origin 
and amenable to OMitrol by nutritional measures. 

The thyroid gland is atuated near the base of the neck 
and consists of two lobes, one to eadi side of the trachea 
(“wind-pipe”), connected by an isthmus lying across the 
frmt of the trachea. It is this structure whicdi becomes 
swollen to give the familiar picture of goiter. 

Center has been known from time immemorial: references 
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to it arc found in many of the oldest writings, and the works 
of the old masters attest its prevalence in their times. An 
Englishman who paid an extended visit to Switzerland and 
the adjacent parts of France and Italy in the eighteenth 
century, and whose letters written thence w'ere afterward 
published, told of the great prevalence of goiter in certain 
localities. In the part of Savoy where he stayed it was so 
nearly universal that anyone without goiter was said to be 
not a true Savoyard. Growth of the goiter was regularly 
expc*cted to accompany the growth and development of the 
child. Thus a middle-aged man whose little granddaughter’s 
goiter was the size of a chestnut piously hoped to live to 
see it as large as a pear. 

Evai a generation ago there w’ere regions in this country 
and abroad where some measure of thjToid enlargement was 
discernible in a large majority of the adolescent children; 
and today, although reccgnition of its nutritional origin has 
made it pcssible to prevent almost completely the onset of 
the disorder, advanced goiters are a fairly common sight, 
at least among middle-aged and elderly persons for whom 
this knowledge came too late. 

Estabiisliment of fhe Relationship of Iodine to Goiter 

It is said that for many centuries burnt sponge was a 
more or less popular folk remedy for goiter. Medical men, 
following the suggestion made by Coindet in 1820, found 
that painting the goiter with tincture of iodine was also 
frequently efficacious. As the existence of the element iodine 
had been discovered in burnt seaweed, Coindet postulated 
that iodine present in the sponge was responsible for the 
effectiven^ of the old treatment. However, the rationale 
of both of these curativ’^e measures was fully appreciated 
only when Baumann, in 189o, actually found iodine in the 
thyroid gland. This led the way on the one hand to investi- 
gations on the natural distribution of iodine and its relation 
to the incidence of goiter, and on the other hand to Ken- 
dall’s discovery and separation in pure form of thyroxine, 
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an iodine-containing amino-acid derivative secreted by the 
th>Toid gland (Fig. 21). 

There are certain regions of the earth where — until mod- 
em preventive methods were introduced — goiter occurred 
^ persistently and so extensively as to be called endemic. 
Notable among these districts were the Himalayan Moun- 
tain region of South Central Asia; the Alps, Pyrenees, and 
Cai^pathian Mountain regions of Europe; the Andean 
plateau and southeastern Brazil in South America; and the 



Fig. 21. Crystals of thyrcodne. {Courtesy of Dr. B. C. Kendall.') 


St. Lawrence and Great Lakes ba^, extending through 
northern Ohio, Michigan, Minnesota, the Dakotas, and 
adjacent Canadian provinces; and the Pacific Northwest 
including Chegon, Washington, and British Columbia, in 
North America. 

Examination of the soil, the drinking water, and the 
v’^tation in these regjcttis showed them to be relatively 
poor in iodine as compared with regions where goiter is not 
pre\’alent. TTie iodine content of the waters and foods of 
any district seems to depend largely upon the chemical 
nature of the rocks and the amounts of soluble iodide which 
these yield in their natural weathering. In general, the 
leached soils deposited from the last glacial period are said 
to be poor in iodine. Such soils account for the low iodine 
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content in certain of the goitrous regions of this continent. 
Furthermore, since seawater, and therefore the spray which 
ecaporales in the air at the st'ashore, is relatively rich in 
iodine, regions near the ocean and not separated from it 
by high mountains receive iodide from sea-spray dust 
carried inland by the winds. Xo doubt the relative influence 
of rocks and sea upon the iodine content of the soil and of 
the drinking water varies considerably in different regions. 
That the resulting differences may be very great is illus- 
trated by the finding of McClendon and his coworkers 
that drinking waters from different parts of the United States 
langed in their content of iodine from 0.01 to 73.30 parts 
per — seven thousand times as much in the 

maximum case as in the nine minimum ceises. 

McClendon also showed that differences in the relative 
frequenc>' of goiter among men drafted from various parts 
of the oountiy' for service in the World War were strikingly 
associated with differences in the amounts of iodine foimd 
in the drinking waters in the regions from which the recruits 
were drawn, goiter being very much more common in sec- 
tions where the water supplied relatively little iodine. 

Similarly it was found that foods produced in the regions 
characterized as goitrous contain in general distinctly less 
iodine than the same foods from the so-called non-goitrous 
districts. A few instances ate dted in Table 11. 

Table 1 1. — IcmiNE Contents of Foods from Gottrous 

AND NON-GoITROUS REGIONS 


KiS3> gw Foo© 

From Goitrous 

From Non- 

Regions 

Goitrous Regions 


Iodine: parts per billion of dry matter 

— 

1-6 

4-9 



10 

23-175 

CaiTOte 

a 

170 



....... 85 

226 

Milk 

265-322 

572 
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It is still difficult to judge how far the differences in 
iodine contents of foods have been exaggerated by analyti- 
cal errors. The example which McClendon has selected for 
prominence in his 1939 monograph shows 111 parts per 
billion of iodine in the cabbage grown in eastern Minnesota 
where the goiter rate is 1.72 per cent, and 174 parts per 
billion of iodine in that grown in the western part of the 
same state where the goiter rate is 0.85 per cent. Here there 
was presumably a maximum of scientific control, and a 
minimum of analjdical error. 

Observations such as those which have been dted, associ- 
ating a low intake of iodine in food and drink by a section 
of the population with a high tendency to goiter, strongly 
suggested that the former circumstance might be the pre- 
dominant factor in the causation of the latter. Further evi- 
dence of the relationship was afforded when McClendon 
and WfillLams in 1923 produced goiter experimentally in 
rats by a diet low in iodine, fed under conditions of labora- 
tory ocmtiol. 

Apparently, the mcrrase in size of the gland is the result 
of an effort on the part of the thyroid to compensate for a 
shortage of iodine from which to synthesize its hormone(s) 
(thyroglobulin and/or thyroxine), by increasing the num- 
ber of secreting cells and the volume of fluid secreted. 

Sntple Goitn' Prev«iited by Adeqvote Iodine Intake 

The imw dassical exp«iment of Marine and Kimball 
<temonstrated that simple goiter, in most if not all cas^, 
is a dt^iciencp disease resulting from inadequate dietary 
intake o£ the rmbntioruMy essential mineral element iodine 
and preventaMe by a sufficient supply of this food factor. 
These investi^tors administered iodine systematically to as 
many as volunteered of the school children of Akron, Ohio, 
of the ages at which goiter most commonly appears. The 
iodine was given as sodium iodide in anall doses twicfe 
weekly over a period of a month and the treatment repeated 
twice yearly. The success of this prevmtive measure was 
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Striking. Of more than 2i«X) children treated, only 5 devel- 
oped goiter; -tt-hile. of a similar number not treated but of 
the same age and living in the same locality, about 500 
showed thynjki enlaigi-ment during the same time. In other 
words , about 99 pen cent of the goiters which would other- 
wise have developed were prevented by the simple adminis- 
tration of sodium iodide. 

While the characterization of goiter as the most easily 
prewntable of all diseases is a justifiable aid to memory, 
it should also be remembered that not all goiters are attrib- 
utable to shortage of iodine. McCarrison several years ago 
described a goitrous v'illage in India of which the best 
e.xpIanation appeared to be the infection of the thyroid by 
contaminated drinking water; and in a recent Canadian 
report*, abstracted in the Journal of the American Medical 
Association, infected water rather than shortage of iodine 
was thought to be the chief cause of the goiters found 
locally in Saskatoon. That local epidemics and sporadic 
cases of goiters due to infection may occasionally be encoun- 
tered should be frankly recognized; but should not blur the 
established fact that in typical regions of endemic goiter 
the incidence of this disease has been enormously reduced 
by simply supplying iodide in drinking water or in table 
salt. The reduction of incidence in school children by 85 
per cent in three Swiss cantons and still more in the Ohio 
city' already referred to may presumably be taken as fairly 
representative of the efficacy of these methods of iodide 
supply. 

Thus it is probably a fair generalization that nearly 
99 per cent of the simple goiters of goitrous regions are 
attributable to iodine deficiency tend are preventable by 
the regular use of iodide in drinking waters or (more simply) 
iodized salt in the households of all the people. 

. In large cities, or over large areas, where the use of iodized 
salt has been advocated by health officers but without 


♦Btaaiag, C. 1959 Canadian FuMic Beallh J. JO. 393-399. 
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means of making it universal, suteequent surveys have 
shoi^Ti greatly reduced goiter-incidence in the famili^ using 
icxlized salt as compared with next-door neighbors who 
did not* 

Incidentally, it has been oteerved by medical schools in 
Great Lakes dties, that even stray dogs living laigely on 
garbage get therefrom the benefit of the use of iodized salt 
in so many households that it is now quite difficult to find 
a stray dc^ with a goiter, whereas formerly the stray dogs 
of these cities were commonly goitrous. 

Thus, according to a "widely quoted statement of Dr. 
David Marine, goiter is “the simplest, the easiest, and the 
cheapest of all knowTi dis^ises to prevent.’"’ 

The Body*$ Need for Iodine 

Evidently, the body has a rather definite nutritive re- 
quiremoit for iodine which must be met if the thyroid gland, 
one of the mcKSt important r^^lators of body processes, is 
to function normally. VlTien the supply of iodine is only 
moderately deficient, the thyroid gleuid may become en- 
larged to form a goiter and yet be able to provide the thyroid 
hormone in normal or nearly normal quantities, so that the 
individual continue to enjoy fairly good health. But in 
severe iodine deprivation, despite the compensatory en- 
largement and increased activity of the gland, a deficit of 
the thyroid hormone exists and may cause the profound 
disturl^c^ in ph^^ical and mental well-being and develop- 
ment known as myx&iema. The edema from which this dis- 
ease takes its name is well illustrated in the accompanying 
Fig. 22. Another characteristic feature of this condition is 
a markedly lowered rate of energy metabolism, the chemical 
proc^^ of the body upon wbich growlh and function de- 
pend being stepped down, sometime to half the normal 
rate. Corr^pondmgly, the victim is exceedingly sensitive 
to the cold; suffers from flabbine^ and ^^’eakne^ of the 
muscles, tiring e^ily on slight exertion; and his mental 
proce^^ became prcgressively more sluggish. Th^e symp- 
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toms are often dramatically relieved when thyroxine is 
administered . 

Ifxiine deficiency in childhood may markedly stunt the 
growth in height. Here also the cure due to thyroxine and 
the change in general appearance are frequently striking, as 
in the case of the girl shown in Fig. 23. 

Qualitatively, the requirement for iodine might be stated 
as a sufficient amount of iodine to meet the daily losses from 



F i€. 22. Pbotograplis of a yutmg woman Wotc and after the cure of myxe- 
denm hy thyn>xine. Besides the dkapp^rance of the edema, note the increased 
mental a'-ertress evident in the secxmd photc^raph. {Courtesy of Dr* E. C, 

the body and maintain within the body such store as is 
needed to provide for the manufacture in the thyroid gland 
and the distribution throughout the body of sufficient 
amounts of th>Toid hormone to support a normal rate of 
physiolc^cal activity', without thefgland becoming abnor- 
mally enlarged. 

It is estimated that the body of a full-grown head thy man 
contains in all about 25 milligrams of iodine; or, roughly, 
about 1 part of iodine in 2,800,000 parts of body sub- 
stance. About three-fifths of this is found in the thyroid 
gland. The body iodine cxeurs in part as inorganic iodide 
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and in part in organic combination as thyroxine, thyro- 
globulin, di-iodotyrosine, and possibly other forms. How 
much iodine must be taken in daily to maintain this store 
of iodine in the body, cannot be stated with assurance. 
Attempts to determine the minimum requirement by bal- 
ance experiments of the type applied to calcium, phosphorus, 
and iron have been so few, and attended by such great 
practical difficulties, that conclusions based on them must 
be regarded as only tentative. From such a study, von 


Fig. 2S. Re^cratkm of growth in a girl npoe treatm^t mth 
tii 3 rnmne- Tke two w^e taken in the same dre^ at 

an interval ax KKmtIis. (C&ttrUsy of Dr. E. C. KendaU.} 
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FtTlenl'crg that the normal human adult requires 

akjut f ■’"''14 gram U4 micrograms) of iodine daily. 

The neiii for iodine is considerably increased during 
gr<#\vth ^as illustrattKi by an eight and one-half year old 
child mdio. according to \'on Fellenberg, required about 50 
inicrr>grams ; : and is most marked at the time of puberty. 
This latter fact explains the especially great susceptibility 
to goiter during adolescence. Pregnancy also brings demands 
for additional iodine and, unless these are met, the tragic 
condition of infantile mx’xedema may result in the baby. 

WTien amounts of iodine in excess of the minimal require- 
ment am furnished by the food and drink, an easily mobil- 
ised resen'e store of iodine is built up m the body. This 
capacity for storing iodine undoubtedly explains how, in 
the experiments of IMarine and Kimball, the protective 
effect of a period of intensive iodide dosage extended 
through five succeeding months when no supplementary 
iodide was given. 

How May tfie Needed Iodine be Supplied? 

With the exception of seafoods, which are consistently 
rich sources of iodine, mc^t foods are too variable in their 
iodine content to be depended upon to meet the dietary 
need for this element. It is true that many foods grown in 
the so-called non-goitrous regions are rich enough in iodine 
that their use might supply the whole or a significant part 
of the nutritive requirement. But in these regions generally 
the drinking water also shows a relatively high iodine con- 
tent, often much more than enough to satisfy body de- 
mands. Wliereas in the goitrous r^ons, where the drinking 
^ater is mmparatively poor in iodine and there is conse- 
quently grater need to supply this element from other 
the native plant products may contain only a 
fraction of the iodine present in the same plants grown in 
lum-goitrous prions! 

(It should be emphasized strongly that iodine is an excep- 
tion — or, at any rate, an extreme case — ^among the minei^ 
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elements with regard to the relativ^ely large variations in 
the concentration in which it may occur naturally in the 
same type of plant.) 

ThuSy while in normal regions the drinking %rater and 
natural food products provide the iodine required for the 
proper functioning of the body, reliance cannot be placed 
on either of these sources in districts where goiter is known 
to prevalent. To prevent this disorder and promote 
normal nutrition in such regions, it was necessary to find a 
means of insuring a supplementary intake of iodine by every 
individual in the community. With this aim, a small amount 
(one part in 5(XX) to 2(X),0(X)) of sodium or potassium 
iodide is now being incorporated in the table salt marketed 
in those sections of the country where goiter was formerly 
common. 

The efficacy of this “iodized salt” as a goiter preventive 
has now’ been w^ell established by experience. For the indi- 
vidual in w’hom the disease already exists, how^ever, the 
problem of treatment lies in the realm of medicine rather 
than of nutrition. Indeed, there are certain goitrous condi- 
tions in w'hich increased iodine intake may be actually 
injurious. However, there appear to be few grounds for the 
fear that normal individuals, either by the use of iodized 
salt or through food or drink of naturally high iodine con- 
tent, may receive too much iodine for optimal health. And 
the icdide added to table salt should be regarded, not as a 
drug, but as restoring the table salt to something more like 
its natural composition; for sea ^It and crude salt obtained 
from ^It wells contain iodine, and the modem highly arti- 
ficial refining prcxresses w^hich remove this iodine have in a 
sense “denatured” the salt. 

EXERCISES 

1. Obtain from the United States Public Health Service their 
mcBt recent av^ailabie evidence as to the prevalence of goiter in 
different regions. Is the region in which you live relatively 
goitrous or relatively free from goiter? 

2. Can you explain the prevalence or rarity of goiter in your 
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region by reference to ta? relation to the sea, tZ?; relation to th 
geolc^ical formation, ic fcxxi habits of the people, (d) use o 

iixiized salt? 

3. What proportion of iodide to chloride in salt for househok 
use is advised by the Federal government through the Publi 
Health Service or the Fcxxi and Drug Administration , or both 
ib) your State or City Health Ofticer, ic) your family physician? 

4. Within what limits do you yourself consider that salt ma^ 
l)e iodized to both effective in the prevention of goiter and sab 
for general use? 
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Chapter XI 


ASCORBIC ACID (VITAMIN C) 

The Former Prevalence of Scurvy and the Discovery ond 
Identiliccition of the Antiscorbutic Substance 

So little did fresh fruite and vegetables figure in the food 
supply of Northern and Central Europe a few centuries 
ago, that when Catherine of Aragon came to England it 
w'as necessary for the household of Henry VUI to send 
abroad to get the materials for a salad. And during the 
period (and in the regions) in which these foods were so 
scarce for so much of the year, scurvy was so prevalent 
that medical writers seriously discussed the suggestion that 
all diseases be r^:arded as outgrowths of scurvy. 

European medical literature, how'ever, has so diort a 
history^ that we do not know for how long scurvy had been, 
such a scourge: it is known to have afflicted the Crusaders 
in the thirteenth century, and near the end of the fifteenth 
century when Vasco da Gama made his historic voyage 
around the Cape of Good Hope, he reported the death by 
scurvy of 100 men out of his crew of 160. 

The formal medical name for scurvy is scorbutus; and 
things capable of preventing scurvy are often called anti- 
scorbutics. Gradually it was learned that this antiscorbutic 
property is manifested by many “fredi” parts of plants. 

In 1535, when Cartier w'as obliged to winter in Canada 
(m his second voyage to Newfoundland, scurvy killed a 
quarter of his men. Neariy all the others were severely ill 
with it, but on advice of tBte natives a remedy was found 

t79 
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in de-coctions of the twigs and needles of evergreen trees. 
Recent investigations of Russian government bureaux in- 
terested in the settlement of northern Siberia indicate that 
leaves and twigs of both pines and spruces may be thus 
utilized as antiscorbutics. Tolstoy tells in War and Peace 
of the long-standing habit of the Russian peasants to scour 
the country in early spring, hunting for and devouring 
practically everything green and freshly growing. 

Returning to the history' of the exploration and settle- 
ment of America, we find that, in provisioning for regions 
which did not afford fresh fruits, thought turned first to 
Tvine as a substitute and then to beer as a substitute for 
wine. And crude, freshly fermenting beer was more or less 
generally rect^ized as antiscorbutic. Dr. John Nichols of 
Washington writes us (personal letter of 1938) of early New 
England records which show that shipmasters who brought 
colonists were careful to make sure that there be someone 
on board who could look after the malting of barley and 
the brewing and care of the beer. John Alden, whose name 
has been immortalized in literary romance, was, Dr. Nichols 
finds, first enlisted primarily as a cooper to have charge of 
the brewing equipment and the beer barrels. The malting 
process is, of course, merely a carefully regulated sprouting 
of the barley grain, which, like other seeds, is not antiscor- 
butic in the “resting” state but develops the antiscorbutic 
property' as it sprouts. The simultaneous enzyme activity, 
changing starch to maltose, provides material for the fer- 
mentation. Thus a freshly fermenting infusion of (unroasted) 
malt has the antiscorbutic property of sprouting seeds; but 
present-day beer is so highly clarified that all antiscorbutic 
(and practically all other vitamin value) is lost. 

Lind of the British navy described in his Treatise on 
Scurvy (1757) the treatment of an outbreak of scurvy on 
shipboard in 1747 under conditions which gave his experi- 
ence much of the definiteness of a laboratory experiment. 
He took 12 patients (of the crew of the Salisbury) who ap- 
r^r.'Td to be equally sccrbutic and treated two by each of 
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six regimes then more or less currently recommended. The 
nvo who received the limited amount of oranges and lemons 
available made dramatic recoveries. 

In 1841 the American physician Budd advanced from the 
concept of an antiscorbutic property possessed by certain 
foods to the explicit postulate of a definite individual sub- 
stance (chemical "'element"' in the terminolc^ of his day) , 
which he predicted would be identified “in a not too distant 
future.” And in 1931-32, King, of the University of Pitts- 
burgh, first effected the chemical identification of the anti- 
^orbutic substance (Fig. 

24). His identification was 
quickly confirmed, and 
within a short time the sub- 
stance had been synthesized 
by more than one method. 

During the ninety yearn 
between Budd’s prediction 
and its fulfillment by King, 
much w^as learned through 
clmical, field, and labora- 
tory ot^iv^ations. 

Government regulations " 
required the carrying of cit- 
rus fruit juice by British 
ships, and its regulair issue to all members of the crew on 
long voyages- This ivas found to be effecti\"e. It also came 
to be generally recognized that as potato culture had become 
more common in Europe scurvy had become less common, 
and corTesix>ndingly that the failure of the potato crop in 
any considerable region meant scurvy in that region the 
following winter or spring. Thus the failure of the fK>tato 
crop in Ireland in 1846 ivas followed both by famine and by 
a crushing epidemic of scurvy. 

In 1^)6, Hopkins of Cambridge Unwersity definitely 
mduded ^urvy among the diseases due to nutritional 
deficiency, and in 1907 the Norwegian investigatois, Holst and 
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Fig. 24. Crystals of ascorbic add 
{vitamin C). {Courtesy of Dr, C. G. 
King.) 
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Frolich, published the first of their researches in this field. 
The clinical work of Hess and the laboratory- work of iMendel 
and his students followed quickly; and these scientific 
advances enabled army and nary medical men both largely 
to prevent scurvy and also to systematize the recording 
and interpretation of the necessarily fragmentary observa- 
tions made during the World War. After the war, when 
increased numlx-rs of scientific workers were able to return 
to the fundamental problems of the nutrition laboratories, 
there was a jxjriod in which pioneering laboratory work 
upon ^veral substances of demonstrated nutritional im- 
portance was simultaneously very' active before the chemical 
nature of any of these substances could yet be known. 

As a temporary- expedient to reduce the confusion in the 
rapidly growing literature, the term vitamine which Funk 
had coined was combined with McCollum’s terms Jat-soluble 
A and •acaier-saluble B to form the new terms vitamin A and 
vitamin B; and Drummond, in proposing this system, added 
the antiscorbutic substance as vitamin C. 

If the alphabetical sequence of the designations had fol- 
lowed the chronolc^cal sequencre of w-hat we now regard as 
clearly postulated nutritional concepts, the ABC order of 
these three substances would be reversed; for the antiscor- 
butic sutetance was explicitly ixrstulated as a chemical 
individual many years earlier than was the antineuritic 
sntetance (vitamin B) ; and the existence of the latter was 
apparently knoivn earlier than was that of the fat-soluble 
substance which came to be called vitamin A. 

King and his collaborators worked systematically for 
yr^rs to concentrate and isolate vitamin C as a chemical 
indi-v-idual, testing and measuring their progress at each 
stq> by quantitative determination of the antiscarbutic 
potencies of their products. In the early spring of 1932, 
they had thus completed the physic^ isolation and chemical 
identification of the substance investigated as vi tamin C. 
It thaa tecame pcssible to devise methods for its rapid 
determination , with fair accuracy even in small amounts of 
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material; and thenceforward its investigation has proceeded 
rapidly and is still (1939-40) very’ active. 

With vitamin C chemically identified and found to a 
relati\*ely simple substance, there yet was difficulty in 
finding a name of convenient length and satisfactorily in- 
dicative of its chemical nature. Hence u^e has increasingly 
adopted the name ascorbic acid as being distinctive and as 
perpetuating the historical association of the substance 
with scurvy, through the study of which its existence was 
first pc^tulated and finally proven. 

The Nufrifionai Significance of Vitamin C 

In vitro, and presumably in the life process^ of plants^ 
the outstanding property of ascorbic acid is that of entering 
readily into oxidation-reduction reactions. In human nutri- 
tion, at least equal significance attaches to its function in 
the formation and maintenance of the intercellular cement 
sutetanc^ of the tissues. WTiile m<^t biological teaching 
tends strongly to anphasize what goes on within the (xlls, 
it is Just as fundamentally scientific to realize that many 
of the^ intracellular activiti^ can prcxeed normally only 
on condition that the intercellular cement sutetance holds 
the cells in proper relation to each other and to the body 
fluids which bathe and nourish them. 

Wolbach offers, as a result of his patholc^cal r^earch, ' 
an impre^ive array of ways in which bcxiy function may 
be impaired through the effects of shortage of vitamin C 
upNon the int^^rity of the intercellular material in different 
bcxiily organs and tissue: 

(1) Hemorrhage, whicJi may cxxmr anywhere in the 
body, and whicii are a prominent feature of the cia^ical 
picture of scurvy. Sometimes the hemorrhages are tiny 
f^echiae visible in or through the skin, sometimes cnescent- 
shap^ areas at the Mses of the teeth, sometimes invisible 
heirmirhag^ in the joints, making them stiff and sore. At 
autopsy, hmnorrhag^ are oftm found also in the wall of 
the dig^tive tract and at the rib juncrtkms. 
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:2; Structural changes in the gums and teeth, the latter 
having iMxn considered by some investigators to be the 
most delicate structurally observable indications of short- 
age of vitamin C. 

1 3,^ Changes in the growing ends of bones, sometimes 
causing confusion tetwtvn rickets and scurvy in children. 

4 ; Uefective calcification due to degeneration or lack of 
proiM:r development of the tone matrix:. 

[5) DisplaaTOent of tones due to weakness of the sup- 
porting cartilage. 

(6^ Anemia due to interference with the functioning of 
the b!o<x.l-foniiing cells in the tone marrow, as well as to 
the loss o! bkxxi by hemorrhage. 

7 > Damage to heart muscles, sometimes shown by en- 
largement of the heart. 

tS j Degeneration of muscle structure generally. 

( 9 ) Injury’ to the sex organs. 

With shortage of vitamin C constituting the underlying 
nutritional fault which may show itself in such different 
ways as these, it is to to expected that constitutional differ- 
ences among individuals may determine the way an which 
any one person will suffer from this same sub-optimal 
feature of fcxxl supply - 

Hence, even though the symptoms may be somewhat 
confusingly varied, we may still have a clear impression 
that vitamin C is a nutritional factor of very far-reaching 

importance - 

It must not be thought that nowadays scurvy exists only 
in remote places or in the minds of alarmists. No less sane 
a ^ientist than Professor Hopkins of Cambridge University 
has re|x>rted an experience which came to his attention in 
a large school in England. During the winter term at this 
^hool the standards of work and play fell to an unsatisfac- 
tory’ level; the boys became listless and irritable, and various 
minor complaints were reported. Attempts to explain the 
modition were for some time unsuccessful. At last the sug- 
g^tion was made that the diet be investigated by some 
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one with modem knowledge of nutrition. The food condi- 
tions had traditionally been consider^ quite satisfactory. 
It was found, howe\'er, that the diet contained nothing in 
the way of uncooked fcxxis and practically no green vege- 
tables. A small fruit shop nearby, where the Ixjys had 
formerly purcha^d fresh fruit with their pcxrket money, had 
been closed for some time. Upon restoring a liljeral amount 
of fresh fruit to the diet the whole trouble disapfx?ared. 
These school boys had evidently been suffering from incipi- 
ent scurvy, due to the low intake of vitamin C during the 
period in which they did not have fruit. 

Shortage of vitamin C may begin to injurious con- 
siderably before the classical signs of scurvy appear, and 
for the reasons indicated above the earliest effects may 
show" considerable individual v^ariation. Hence clear-cut evi- 
dence and consensus of opinion as to the incidence of pre- 
scurvy or early or incipient effects of sub-optimal intakes of 
vitamin C are lacking, but there is a strong and still growing 
conviction that sub-optimal lev^els are much more frequent 
than hitherto realized. Thus medical surveys in Canada 
and in IVIaine hav"e showm many cases of subacute scurvy 
which, but for recent research, w"ould probably hav-e gone 
unrecognized. 

King and his covvmrkers show-ed that shortage of vitamin 
C lowered resistance to bacterial toxins, and that this 
lowered resistance w’^as clearly demonstrable before there 
w’as any external evidence of scurvy. They also found that 
injections of the bacterial toxin caused rapid and marked 
depletion of vitamin C from the body, especially from its 
glandular tissues. Obviously, experiments of this latter type 
could be made only with animals; but methods are being 
developed for studying such quantitative relationships in 
the human body also. 

Quantitative Metabolism and Requirement in Man 

Of the vitamin C which the body receives, a part dis- 
appears in the tissues and is evidently consumed in per- 
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formirig its nutritional function; a part leaves the tody 
chielly in the urine; and a part is held by the 
tissues and fiiikis of the IxxJy, 

Extendve studies indicate that normal human blood con- 
tains on the average Ik-uvecm 1.0 and 1.5 milligrams of 
xitamin C |X-r IW grams; and the solid tissues that are 
characterijgcii l)y high metabolic activity normally have 
higher conamtrations of this vitamin. 

It is Lr-yvc:dly noteworthy that the amount of vitamin C 
contained in the body, the rate at which it is destroyed, and 
the rate at which it escapes through the kidneys, are all 
subject to ndatix'dy large variation even under such condi- 
tions as are frequently encountered in daily life (Fig. 25). 
We cannot doubt that these differences in '‘level of vitamin 
C nutrition’" are significant in relation to health and efB- 
cieiic\% and that the problem of human requirement for 
ritamin C should considered not simply in terms of 
prevention of scur\^% but rather as a problem of ensuring 
the maintenance of such concentrations of vitamin C in 
the blcxxi and body tissues as are conducive to the highest 
attainable health under all the vicissitudes likely to be met 
in the course of our lives. 

Other things being equal, however, the lower the intake 
of vitamin C the smaller the amount which appears in the 
urine; and simultaneously with low intake and low output, 
low concentrations of vitamin C in blcxxi have repeatedly 
been found and are doubdess regularly to be expected 
(Fig. 25). Such quantitative studies as have yet been made 
mth spinal fluid indicate that its level of vitamin C content 
tends to ri^ and fall with the level in the blocxi ; and it is 
reasonable to suppose that this is also true of the body 
ti^ues generally, though some of them may fluctuate in 
le^r degree than others. 

An intake of 25 to 30 milligrams of ascorbic acid per 
normal adult j^r day, or 1 milligram per 1(X} Calories of 
food is family dietaries, appears to be sufficient to prevent 
wmiy or any other manifest sympton of vitamin C defi- 
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cienc}” and may therefore be taken as a standard of 
minimal adequacy. 

But many common infections, injuries, and strains or 
stresses now seem rather clearly to increase the rate of 
destruction of \itamin C in the body, and thus to raise the 
nutritional requirement for it. Most students of the subject 
have therefore come to feel that a satisfactory standard must 
be higher than the minimum arrived at as indicated in the 
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Fig. 25. Vitamin C content of the blood as influenced by diet. The ^ 
individuals to the left had all been ref^ivintg an apparently adequate diet prior 
to the t^^ning of the Note, however, the con^derable individual dtf- 
fa-ences among them with regard to the initial csmcentration of vitamin C in 
the blood (ax^s-hatched bar), one showing a valne di^inctly higher, anoth^ 
a value lower than the ' 'usual normal range.” The four individuals to the r%ht 
who were known to have had an inadequate intake d vitamin C prkr to the 
test all showed *'siihnonnal” levels vitamin C in the blood, Afte* gen^ous 
amounts of vitamin C in the form of orange juioe h^ l^en givai fcr a week to 
both groujK, the blood levd erf vitamin C (solid tmr) was found to be about 1 .5 
mg. per cc. in aU cases excejA the one individual who showed esoeptionaliy 
h^h value throughout. Note that values already ncmnal were slightly in- 
ar^s^ by the liberal intake- (From Farm^- and Abt in Th$ V^mins by per- 
mi^ion of the American Medical A^odation, publisharB, and by (xairte^ o€ 
the Millmak Memorial Fund.) 
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preceding paragraph; and have sought an objective basis 
for the more liberal standard in the determination of the 
amount which must be taken into the body in order to keep 
it in a condition of vitamin C “saturation.” Different inter- 
pretaticjns have been given to this term, or to the concept 
it represents, which is, of course, quite other than that of a 
saturated solution in the ordinarv' physical sense. 

The body is spoken of as being “in a condition of vitamin 
C saturation" when an increase in the level of intake, or a 
large e.>:tra dose, can raise but little the level of vitamin C 
concentration in the body (as represented in the blood), 
while a large part of the extra intake does appear promptly 
in the urine. .4 dietary standard aiming to provide Jor the 
mexintenance of this condition calls for 60 to 100 milligrams of 
vitamin C per ^ult person per day, or from 1 .0 to 1 .5 milli- 
grams per kilogram of body weight. 

Here, as elsewhere, the artificial concentrates should be 
considered as drugs to be used only when prescribed by a 
physician; while the non -medical student of nutrition who 
desires to increase his intake of some dietary factor should 
do so by shifting the proportions in which he consumes 
everyday foods. One who desires 100 milligrams of vitamin 
C may advantageously take it in the form of seven ounces 
of average orange juice; or may readily figure an equivalent 
in the form of some other food or foods from the data of 
Table 12 below or of Table 27 in the Appendix. 

As physicians have given six grams of vitamin C in a 
single dose without unfavorable effects, there is no danger 
that any selection of foods one might make would involve 
any risk of injury from surplus of this vitamin. 

Expression of Vitamin C Values 

In this book we shall follow the growing practice of ex- 
presing vitamin C values directly in terms of the substance 
itself, .^bov'e we have expressed nutritional needs in terms 
of milligrams per day; and below will be found data for 
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vitajnin C (ascorbic acid) contents of foods in milligrams 
per 100 grams of food. 

Data still met in terms of International Units are readily 
translated into milligrams, for by current definition, 20 
International Units = 1 milligram of vitamin C. 

Conservation of Vitamin C in the Preparation ond 
Preservation of Foods 

From the earliest scientific conception of a;urvy as due to 
the lack of an antiscorbutic substance , it was recognized that 
in general fresh foods have more and preseiv'cd foods have 
less of this factor. As the concept became clearer, the state- 
ment came to take the form that not only are some foods, 
such as citrus fruits, relatively rich in this factor while others 
such as bread, butter, meat, and sugar are poor or lacking in 
it; but also that it is an unstable factor so that cooking and 
preservation are apt to diminish whatever antiscorbutic value 
the food originally possesses. 

Now that all of the more familiar vitamins are knowm as 
distinct chemical individuals not closely related in their 
chemical and physical properties, we see that it is unscientific 
to try to make broad and simple generalizations or com- 
parisons, for the behaviors of the vitamins will arrange them 
in different sequences according to the particular chemical or 
physical condition whose influence is being considered. Yet 
for most practical purposes we may still regard vitamin C as 
the most easily destroyed of the known vitamins. 

Because many familiar fruits and vegetables such as 
apples, cabbage, and potatoes may lose a considerable pro- 
portion of their vitamin C value in ordinary cooking, it has 
become customary to emphaaze raw food in this connection, 
and to regard this vitamin as thermolabile, — liable to be de- 
stroyed upon heating. Strictly speaking, it is not so much 
destroyed by heat per as by a process of oxidation which 
is accelerated by increase of temperature. The rate of de- 
struction is lower when air b excluded by steam or by vac- 
uum; and it is higher when acidity has been reduced or alka- 
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linity increactii by the addition of soda to the food. The 
destruction of vitamin C is also catalyzed by the presence of 
even veiy' small amounts of copper.* In addition to all these 
environmental influences (and perhaps others, as yet less 
clearly defined) there are properties within the natural foods 
themselves which affect the conservation or deterioration of 
their \*itamin C values. In general the more acid foods hold 
their vitamin C value better; but if cabbage juice is brought 
to the same acidity as tomato juice it still will lose more of its 
jy ^ ^ ^ ^ , vitamin C on heating, be- 

I I j ! I j cause of the natural , inher- 

i I I j j i ently higher, oxidation po- 

' j j ; ; I tential of the juice of the 

I I j cabbage. 

I * I I ' I The destruction of vita- 

1 min C upon heating in 

' ' '* i 1 solution, as in the juices of 

^p.-r|=rr typical foods, is a process 

I 1 which proceeds at a rate 

1 — i which can be measured 

— — i — i — — experimentally and which 

iTmeh Hours has been studied quanti- 

Fig. 26, Ciirv'^ reprinting the rates reference tO 

of dest mason, at dinerent tempera- i • .a 
lEres. oS the vitamin C of tomato juice at the influence of tempera- 
its natiiral acidity. ture, time of heating, the 

acidity or alkalinity of the solution, and other factors. 

In the case of tomato juice of natural acidity it was found 
that boiling for one hour destroyed practically SO per cent, 
and boiling for 4 hours destroyed practically 68 per cent of 
the antiscorbutic vitamin. At lovrer temperatures there was 
less destruction in a given time. Figure 26 show's the time 
coiv^es of the heat d^truction of the vitamin at 60"", 80°, and 
IW C. It will te noted that, throughout the entire range of 
times and temf^ratur^ covered by these experiments, the 
destruction was always greater the higher the temperature 
rhatever the time of heating selected for the comparison; 
and also that at w-hatever temperature the material was 
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heated the destruction of the \'itarain also continued to be- 
come greater the longer the heating was continued. 

Thus both time and temperature are important factors in 
the heat destruction of vitamin C and neither the time nor 
the temperature can be treated with indifference in any 
heating operation in which it is desired to conserve as much 
as possible of the antiscorbutic property of the food. Both 
time and temperature of heating must be held to the lowest 
practicable minimum if \dtamin C is to be conserv^ed to the 
best advantage. 

The best conservation of the antiscorbutic value of the 
food also demands that one avoid adding any soda or other 
alkali to the food, or the water used in its cooking. 

NTot only is vitamin C more readily destroyed in an alka- 
line than in an add solution; any decrease of aridity, even 
though the material may still remain add, means that a 
greater percentage of the vitamin will be destroyed under 
the same conditions of time and temperature. Thus tomato 
juice, which lost 50 per cent of its vitamin C in one hour 
at 100° C. at natural addity, lost 58 per cent under the 
same heat treatment when it had been about half neutral- 
ized, and 61 to 65 per cent when it had been made very 
faintly alkaline. 

Alkalinity, even in slight degree, appears to be distinctly 
deleterious to vitamin C even at ice-box temperature, for 
w'hen the solution last mentioned was stored in an icebox 
for from one to five days it was found to have lost much the 
larg^t part of the vitamin C which had survived the hour 
of heating. In this case, however, the material not 
protected from contact with air during storage. 

It is quite dear that one should not speak of the vitamin 
as being “destroyed at” a certain temi>erature; but rather 
as being more rapidly destroyed the higher the temperature. 
The question is not so much wh^her, but rather in what 
degree (or at what rate) , the vitamin is destroyed “at boiling ’ 
“at steam-table temperature,” etc. If, for instance, the 
material shown in Fig. 26, after lorii^ 20 per emt of its 
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vitamin C at lOO’ C. (Ixiiling temperature) was thereafter 
kept hot for serving by placing it on a steam-table at 60° C. 
the destruction would continue, only at a lower rate. 

The .\merican Medical Association’s Council on Foods 
issutni in July 1939 a report on “Allowable claims for the 
vitamin and mineral content of canned fruits and vegetables 
intended for infant feeding” which includes a Decision that 
sufficient e.xperimental evidence has accumulated to warrant 
the view that vitamins A and G (riboflavin) are little affect- 
ed by good modem canning procedures, but that vitamins 
Bi and C are more or less adversely affected, “the degree of 
destruction depending on the characteristics of the food 
itself, the time and temperature of processing, and possibly 
other factors.” In the future, therefore, they propose to 
recognke claims for vitamin Bi and vitamin C values of 
such canned foods only when “supported by accept- 
able evidence of the potency of the finished product.”* 

One should, therefore, not attempt to answer broad, un- 
discriminating questions as to whether or to what 
extent a given vitamin is destroyed by a given cooking or 
canning proc^; for the rate of such destruction differs too 
widely among different foods, and is also influenced by too 
many environmental conditions. 

It may safely be said, however, that among the conditions 
which are favorable to conservation of vitamin C are: to 
minimize time of exposure, temperature, and contact with 
air (or ev’en with dissolved oxygen) , and to add no soda. 

As vitamin C is readily soluble in water, the rejection of 
cooking water, or of the fluid contents of the can, may 
involve a l<®s no less serious than that of the actual destruc- 
tion which takes place in the cooking and canning processes. 
In some careful experiments the loss in cooking has been 
found to have been even much more largely due to the 
dissolving away of the vitamin than to its actual destruction. 


*J. An. Med. Assoc. 113, 215 Ouly IS. 1939). 
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Thus, Wellington and Tressler* found that in the boiling 
of shredded cabbage less than one-shcth of the original 
vitamin C was destroj'ed, while about two-thirds of it was 
lost from the vegetable in the sense that it passed into the 
cooking water. \Mien larger pieces of cabbage were Ixjiled , 
the amount extracted was less. The utilization of “pot 
liquors” in making soups and stews has doubtless helped 
to protect many poor families from scurvy. 

It is recorded that in a prison camp in Siberia the ration 
for a long time consisted of bread, preserv'ed fish, and an 
occasional very nondescript vegetable soup. The more fas- 
tidious prisoners who considered the soup unfit for them 
to eat nearly all developed scurvy, while the humbler ones 
who took the soup escaped the scurvy. 

Quantitative Distribution of Vitamin C in Foods 

There is much of both scientific interest and practical 
value in a consideration of the different types of food as 
sources of vitamin C now that we are beginning to appre- 
ciate the great importance of this constituent of our food to 
our nutritional wellbeing and resultant health and efficiency. 

In a fairly recent study by Stiebeling** of presumably 
typical American dietaries it was found that citrus fruits and 
tomatoes, while representing less than five per cent of the 
expenditure for food and furnishing less than two per cent 
of the total protein, furnished over 37 per cent of the total 
\ntamin C. Potatoes and sweetpotatoes are not nearly so 
rich, but their large place in the food supply makes them 
important sources contributing about 23 per cent of the total 
vitamin C. Green and yellow vegetables show a contribution 
of nearly 13; all other fruits and vegetables about 20; milk 
and its products 5 to 6 ; meats and fish , breadstuff s and cereals , 

nveffington, M. zind D. K. Tresder 1938 Influence of method of CMoking 
on vitatmin C content of cabbage. Food Research 3, 311—316. 

*=t^ebeling. H. K, 1936 Report Serial No. R 409, oi Labcn: Statis- 

tics, U. S. Department of L^bor. 
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tc^ether less than 2 per cent of the vitamin C; and sweets, 
fats, and eggs only ncgHgil^k- amounts, if any. 

Assuming, as we doubtless may, that the data thus studied 
by Stiebeling are fairly representative it will be seen that we 
derive probably nine-tenths of our vitamin C from fruits 
and vegetables, and most of the remainder from milk, 
Dcaibtleso the flesh foods could be made to furnish a larger 
proportion if we ate them, as the Eskimos do, in larger 
amounts, with less intertention of storage and cooking be- 
tween daughter and consumption, and with a reversal of our 
usual practice of taking the muscle meats for ourselves and 
pting the glandular organs to the do^. Another and perhaps 
more important consideration in clearing up what some 
r^aitl as an inconsistency between our view of vitamin C 
and some of the reports upon food habits of carnivorous 
peoples is that the latter have sources of vitamin C which are 
apt to escape the attention of explorers and even anthro- 
polc^sts. The natives of Kamchatka were anthropologically 
described as living exclusively on meats and fish; but a later 
mcHie meticulous inv’estigation revealed the fact that they 
also eat berries, bark, and leav’es. Evidently so did those 
Canadian Inihans who were supposed to be carnivorous until 
occasion arose for them to teach Cartier’s men the impor- 
tamce of eveigre«i twigs and leaves as antiscorbutic food. 

Thee pobably are no strictly carnivorous peoples; for it is 
much none polable that explorers who think they have 
fmntd andi have fadled to observe or to appreciate the signifi- 
cance of the eating of berries and the chewing of bark, 
ro<^, and tw%s. Of course it may also be true that people 
descended from untold generatioos of Arctic ancestors may 
have inteim&d, as a diaracteristic of survival value undo" 
their oc»»iific«s, the laoperty of bring able to get along with 
tess vitamin C than we require. 

To return to the conad^aticHa of the differait types of 
foods as aomtm of the vitamin C of our normal dietaries, 
it is noteWEHthy that the hr^dstuffs and o^eals which 
fumi^ sxKrh a large |»tq3ortioa of our food-calmies and 
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protein are such insignificant sources of vitamin C in the 
forms in which we ordinarily eat them. These seeds, however, 
and also the mature legumes, form vitamin C w^hen they 
germinate, so that, in lack of other adequate sources, cereal 
or legume seeds may germinated and eaten with their 
young sprouts. Evidently there is here some process of change 
w^hich the sprouting seed performs efficiently; and which our 
bodies perform very inefficiently if at all. In the plant cycle 
too, it would seem to be in some sense a reversible prcK:e^; 
the young green pea is a good anti^orbutic, loses this prop- 
erty as it matures, but regenerates it when sprouting. The 
oxidation-reduction or ‘‘respiratory^’' behavior of vitamin C 
in vitro here finds a clearcut relation to metabolism in the 
plant, wffiile in animal metabolism its behavior in this direc- 
tion is as yet somewffiat overshadowed by the imfortance of 
its function in the making and maintenance of intercellular 
sutetanoe, as mentioned earlier In this chapter. 

Among edible seed pods, string beans and green peppers 
have been found to be rich sources. 

leaves f such as cabbage, lettuce, and spinach, are also rich 
in vitamin C: they may be counted zs excellent somces when 
eaten raw% and even though they Ic^ a considerable propor- 
tion of their \dtamin C in ordinary cooking, they are still 
fairly good sources when cooked. In celery, the leaves have 
been found to be even richer in \dtamin C than are the 
succulent stalks. Turnip greens and wai&rcress are among the 
other edible leaves wffiich have been demonstrated to be 
good purees of vitamin C. 

Onion, an edible bulb, has also been found to be a good 
source of ritanim C. 

Aspiragus, a suonilent growing tip, is highly potent when 
raw, but Ic^s much in ordinary cooking. 

Among roots and tubers, carrots, turnips, and j^tatms 
may be mentioned here. Carrots received considerable atten- 
tion from Hess and his coivorkers who emphasized the 
xVffevenc^ tetw^een old and frerii young carrote particularly 
after ccx>kittg. They found that 35 grams of old carrot 
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sufficitl to protect a guincapig from scuny when fed raw 
but not after cooking, while in a parallel test with fresh 
young carrots 25 grams proved adequate for complete pro- 
tection even after cooking. They pointed out that in such 
cases as this the fresh young \ egetable may have a double 
advantage over the older and tougher, since in the first 
place the younger or fresher specimens may be richer in 
antiscorbutic \itamin to start with; and also, as the older, 
tougher vegetables require more prolonged cooking, they 
are apt to undergo a greater loss of vitamin C during the 
cooking process. 

Largely as the result of this experience with carrots, Hess 
has emphasized the view that vegetables must be expected 
to vary considerably in their content of vitamin C according 
to their freshness and age. \ATiile young carrots were much 
superior to old carrots in antiscorbutic value, he found that 
lightly green tomatoes contained less vitamin C than did 
those which w'ere fully ripe . So far as fruits and vegetables 
are concerned, our present limited knowledge suggests that 
the degree of maturity at which each fresh fruit or vegetable 
is most prized is probably not far from that at which it has 
greatest -vitamin C vadue. 

Potaioes, while containing vitamin C in distinctly lower 
ccairentratkm than do some other common foods, are yet 
of great importance as antiscorbutics because of the quan- 
titi^ in which they are consumed. Weight for weight cooked 
potato^ are crnnparable as antiscorbutics with (raw) apples, 
and in most families the px>tato is consumed in much the 
larger quantity. Different investigators have reported a 
number of experiments -with potatoes cooked in different 
ways and with variable results which suggest a number of 
posdbk factors involv^ed in the destruction of vitamin C in 
this case. 

Turnips have high vitamin C value when eaten raw. 
They and their |ui(»s served as impxjrtant antiscorbutics in 
the cwmtries of Northern Europe which were more or less 
blockaded durii^ the WcH-ld War. 
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Among fruits, the citrus, — especially oranges and grape- 
fruit — and tomatoes, which are botanically fruit though 
classified commercially as a vegetable, are the sources of 
outstanding im|K)rtance and qualified also for increasing 
prominence in the dietaiy' on the grounds of economy and 
general acceptability. Milne, in his essay on fruit, gives first 
place to the orange, and returns to it for his {XToration! 
Beside its many other \irtues, the orange is one of the most 
potent and popular of antiscorbutics. 

The grapejriiit is almost as rich in vitamin C as the orange, 
and has a fine flavor all its own . Delicious also is a mixture of 
grapefruit and orange juices. 

Tomatoes are somewhat less rich than grapefruit and dis- 
tinctly less rich than oranges in their \dtamin C content; but, 
like grapefruit and its juice, they hold their vitamin value 
well 'when preserv'ed by canning, and the canned product is 
economical and available almc^t everywhere at all seasons of 
the year. Often in recent years, citrus fruits have been about 
as cheap as canned tomatoes, but at times when oranges 
have been expensive the juice of canned tomatoes has been 
largely substituted for orange juice in infant feeding. 

Apples are more variable and less potent than citrus fruits 
as antiscorbutic:s. Having been so wddely cultivated, apples 
have become differentiated into w’^ell-marked varieties, some 
x>f whicdi differ from each other as much, in their vitamin 
C content, as if they wwe different species. Yet to reca^nize 
each variety separately in nutrition work would be pro- 
hibitively cumbei^me. For present purposes therefore we 
present in Table 12 an average of the middle group of vari- 
eties . 

All of the averages in Table 12 are accompanied by their 
probable errors so that the reader who so desires may readily 
compute the probable errors of the differences to satisfy 
scientific curicBity as to whether they are real or accidental. 
Assistance in making such calculations and interpreting the 
results may be obtained from Appendix E. 
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7mm 12. — Vrrmm C is the Edible Poetioji of Certain Foods 
Milligrams per 100 Grams 


Fmm 

|No. OF Cases 

Mean 

ProbableEn 
of Mean 

Liei»s (or jeice) 

37 

56. 

=fc= 1. 1 

Ckaiige (or juice). ........ 

14S 

54. 

=fc=0.55 

Grapefmit (or Jiiicae). 

10^ 

39.3 

=±=0.44 

raw. ............... 

18 

35.0 

=±=1-7 



16 

34.4 

=±=3.1 

Caaial0iii«. 

70 

29.2 

=±=0.9 

Tomip, fre&fe taw 

17 

26.2 

±1.8 

Toiaato (m fmsli jiiioe) 

300 

22.7 

=±=0.41 

Peas, green, raw. . 

120 

22.4 

=±=0.44 

Asparagus^ raw. 

38 

19.8 

±1.4 

EaiMies 

13 

15.7 

±1,2 

snap or string, raw 

111 

15.4 

±0.39 

Lettuce 

21 

13.5 

±2.17 

Potatew^, raw 

82 

12.6 

±0.33 

Com^ sweet, raw 

24 

9.4 

±0.24 

Fea^s. 

26 

8.7 

±0.56 

fekianaj 

98 

7.6 

±0,20 

Apples (mediiiia 

69 

7.0 

±0.22 

Celerv (stalks) 

22 

6.8 

±0.41 

WatemidoD. 

100 

6.6 

±0.15 

Kijms. 

22 

5.4 

±0.46 



18 

4.1 

±0.43 

Carrots, raw 

16 

4.0 

±0.30 

Mitt 

218 

2.18 

±0.018 


__ Astiachan, Baldwin, Bm Davis, Esoptis, Goldeii 

Oisve^^eiii, King, Newtxm Wonder, Northern Spy, Rhode I^and. 
R^sskiry Rj^et, ^t^nhnig, Stayman, Winesap. Winter Ri»n<>T%a^ 

MwtflTO. 


EXEROSES 

1. Purd^se (»anges, grapdniit (or canned grapdruit juice), 
af^dts {.noting tke variety, if known) , and bananas in your local 
market, tecmding the cost of each purchase and determining the 
weiglit of its edible pcrtion. How do th^ fruits compare in 
pecuniaiy econcmy as sources of vitamin C? 

2. CaBpare: aperies, bananas, cunnges, and grapefruit (or its 

jcuc*) as to the amount of vitamin C fumMted (1) in each 100- 
Calffiie poitmn; (2) per (or per 100 grams) of protein. 
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Arrange these fruits ?aed fi^rhafs othei^j in the order of their 
nierit as means of increasing the vitamin C value of a dietary 
with the least change in its total calories, or total protein, or 

lx>th, 

3. Prepare a critical compilation and discussion of all infomna- 
lion atiorded by the librar>’ facilities available to you, on the 
extent of the losses uf vitamin C involved in different recognized 
methcxis of ciKjking and serving potatoes. Taking account of all 
losses, what fx^rcentage of the vitamin C content of a rawr potato 
probably actually enters the nutrition of the consumer? Could 
this be materially improved without undue change of household 
customs? If so, how? 

4. “Look up the literature’* of 1940 and later* on the newer 
knowiadge of the phenomenon known as saturation of the bcxly 
wdth vitamin C, and the significance of the maintenance of 
“saturation’* for health. 

5. Similarly has there been, since the pr^ent text was written 
in 1940, any clarification of the idea that steady liberal intake of 
vitamin C may in seme way bear ufw>n “the pr^rvation of the 
characteristics of youth” ^McCollum and Simmonds* phrase), 

the postponement and amelioration of the aging proems? 

6. Do^ this recent literature develop a clear relation be- 
tween the nutritional significance of vitamin C and that of the 
calcium metabolism, or of the aedd-base balance? 

7. In Great Britain during the World War, when importation 

of fruits and vegetable was abnormally difficult, the juice of 
home-grown tumif^ (including the socailed *‘swed^”) acquire 
a considerable vogue as antiscorbutic. From the data of Table 12, 
examined in the light of the explanations in Appendix E, do you 
f^ exmfident that are significantly richer in vitamin C 

than tomatoes which (fresh or canned) are usually more regu- 
larly availabie and of uniform quality, and whe^ juic^ are more 
earily prepared? 
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Chapter XII 


THIAMIN (VITAMIN B OR B,) 

Dii^overy and Identificatiofi of the Subsioiice 
tempororiiy called Vitamin B and now 
named Thiamin 

The existence of the substance now named ihiamin was 
discovered both through studies of the disease beriberi and 
through experiments in normal nutrition. Here, as often, 
discover\' was a process of gradual accumulation of evidence 
until finally it tecame convincing. 

Beriberi manifests itself primarily as a nerv'c disease and 
usually appears first as a weakness and lo^ of neuromuscular 
cooixlination in the f^t and legs, equally on both sides. In 
formal temiinolc^’ it is a multiple peripheral neuritis. 

In 1878-18S3, when the entire enlisted force of the 
Japanese navy was about 5(KX) men, each year’s sick-lists 
showed from 1(KX) to 2(XK) cas^ of beriberi among them. 
Takaki, as a patriotic son of Jajmn and medical officer in her 
na\y, could not reconcile himself to this enormous annual 
morbidity of 20 to 40 per cent from one disease. Careful 
study convinced him that it was not due to tropical climate, 
for British crews in tropical waters were not thus affected; 
nor to lack of oire in ^nitation, in which he found the 
as scrupulous as other sailors. He then obtained 
authority for a large-^^Ie experiment with the ration. Two 
shii^ each canydng about 3(X) men were sent in succession 
over the same long cruise but with different rations. On the 
fii^ diip, wMdi was furnished with the then standard 

^3 
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Japant*:^' ration containing a greatly predominant amount of 
white rice, more than two-thirds of the men suffered from 
lie^riU'ri: while on the st*cond ship, with a ration in which 
part of the white rice was replaced by barley, vegetables, 
ti;-h. meat, and canned milk, only a few men developed 
lierile ri. ansi these were found not to have eaten their share 
of the new ft.iods. So a>n\'incing was the evidence, and so 
striking the contrast, that within a veiy short time there- 
after Takaki was able to obtain a similar change of ration 
throughout the Japanese navy and this change was followed 
f>y a prompt decrease in Lieriberi cases from a very' high per- 
centage to a mere fraction of one per cent. 

The reported figures were as shown in Table 13. 


T.able B. — Beriberi i\ the Japanese Navy 


Ykam \ 

Total Force 

Cases of 
Beriberi 

Percentage 

11^ Did ratbn i 

4,956 

1,725 

34.81 

188! “ * 

4,641 

1,165 

25.06 

1882 “ * 

4,769 

1,929 

40.45 

1^ - “ 

5,346 

1,236 

23.12 

1S84 Ration change 

5,63S 

718 

12.74 

ISS5 Xew mtioii 

6,918 

41 

0.59 

1SS6 “ “ 

8,475 

3 

0.04 

1S87 “ “ 

9,106 

0 

0.00 

1888 “ ‘ 

9,184 

0 

0.00 

m9 ^ * ^ 

8,954 

3 

0.03 


T^iaki received prompt and generous official recognition 
for this really great achievement in practically ridding his 
ccHinuy's na\y of this disease which had previously been so 
prevalent: he was promoted, made a baron, and appointed 
the permanent head of a Government hospital and training- 
school in Tokyo. \et there was a long lag not only in popular 
but even in scientific and professional understanding of what 
he had accomplished. 

Why was it a) many years before the people of the Orient 
generally btgan to share the benefit from what had been 
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demonstrated m ck*arly and acted uprm ^ promptly in the 
Japanese na^y? Takaki had really rid the na\y of txTiteri 
by changing the ration, and he had explicit in saying 
so. He had even emphasized the fact that the fault in the 
older raticjn was nutritional. He had stated the facts as he 
saw them clearly and emphatically enough; but with world 
medical opink.^n, and so with the people generally, his state- 
ments remained ineffective becau:^" his explanation was in- 
adequate. He attril.aited the superiority of the reformed 
ration simply to its higher protein content, which others 
rightly regarded as unconvincing. It was a time of great 
activity in the sanitaiv’ applications of the then new and bril- 
liantly developing science of bacteriolc^’; and naturally 
some advances in sanitation had been made in the same 
period in which Takaki had secured the reform of the ration. 
So with no adequate nutritional explanation at hand, it 
seemed to most medical men more probable that the dimin- 
ished frequency of the disease in the Japanese navy was due 
to some sanitary cause, even though no infective agent had 
been discovered. Hence Takaki’s work was largely forgotten, 
and most of those w’ho had to deal wdth beriberi regarded it 
as probably due to some undiscovered infective agent. 

Such was the \dew of the American Army IMedical Officers 
when they took over the Philippines during and after the 
war with Spain. Their striking experience with beriberi in 
the Bilibid prison at Manila xvas, however, veiy^ influential 
in reviving the nutritional hypothesis of the disea^. 

WTien officers of the United States army took charge of this 
prison, they found what at first appeared to them as an abuse 
in the fact that the poor prisoner accustomed to live so 
largely upon rice had been fed with rice of low commercial 
quality, uneven in size and dark in (X>lor, This they promptly 
replaced by "‘high grade’’ rice, consisting of uniform, plump, 
well-polished, white kernels. Notwithstanding their attempts 
at better and more humane treatment of their prisoners, 
howwar, th^e offioem w^ere soon distr^ed by an epidemic 
of l^riberi in their prison population. 
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The monthly recx>ni ran as shown in Table 14. 

During the first several months of the epidemic every 
effort at further sanitary^ improvement was made, the re- 
sponsible medical officers thinking only in terms of the 
theoiy that beriberi was due to infection. Failure of their 
earnest sanitary efforts led them to further study of the 
literature of beriberi, and in the light of the papers which 
Takaki had published several years before and which had 


Tabije 14.— Be»xbeei is the Bilibid Prisos in Manila. 


Yeai 

i 

1 Mokth 

Cases 

Deaths 

i9g: 

, Xovember 

2 

0 

ikanged 

mt, 

December 

52 

2 

m2. 

Jamiaiy 

169 

12 

1902. ^ 

February 

1087 

16 

1902. : 

March 

576 

15 

1902. ^ 

April 

327 

15 

1902, j 

May 

310 

19 

1902. ...1 

June 

451 

17 

1902 

July 

233 

33 

1^2........ 

August 

571 

24 

1902...... 

September 

522 

31 

RaUm. Qgain ekingti OcSdmr 

1^2 

October 

579 

34 

1^2 

November 

476 

8 

imi 

D^:ember 

89 

3 



January 1-15 

4 

0 


b^n generally forgotten meanwhile, they finally began to 
think that the nutrition hypothesis might be worthy of 
trial. .Acaindingly, a change of ration was then made; and 
it was follow'ed by practical disappearance of the disease in 
the cwirse of about three months (Table 14) . 

it was at about the ame time with this eiqjerience in the 
Bilibid prison that a nutritional interpretaticm was given to 
the oteervaticms first published by Eijkman, a Dutch phy- 
ackn working in the East Indies, upon “an illness of fowls 
rimthir to beriben.’* He noticed that ^ch a disease developed 
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IE fowls which lived in the L*are yard of a prison hospital and 
sulrsisted almost entirely upon left-over rice from the pris- 
oners ta!/ks: and systematic trials he found that by 
Oinnning f^wls -trictly to a polished -rice diet he could in- 
duce experimental l-erileri with great regularity. Eijkman, 
however, didi not at first explain the exprimental in 

dirc'^ct nutritional terms !>ut rather upin the hy|X)thesisof the 
presence of srjme unknown injurious substance; so that, as 
English writers afterward expressed it, ‘‘the pharmacological 
bias'" at first prevented the nutritional significance from 
being ^en. It was in pa|x:*rs published after the turn of the 
centur}" and dealing with the work of Grijns as well as of 
Eijkmaii, that the exf^rimentally induced disease was fiist 
clearly stated to be a nidritimml polyneuritis. 

Then followed about a quarter-century" of very active 
search for the aniineuritic substance. Several groups of in- 
vestigators in different countries contributed toward the 
working out of methods for the separation of this substance 
and the study of its chemical nature. Funk in a paper pub- 
lished near the middle of this period proix)sed the name 
vitamine. Thus in this case the name was a>ined and pro- 
pc»ed several years after the di^oveiy" of the existence and 
of ^me of the most important prop^rti^ of the substance; 
and several years before its complete chemical identification. 

It is to R. R. Williams that w-e feel most deeply indebted 
for knowledge as to the chemical nature of this sutetance, 
and preference is given to the name thiamin (or thmmine or 
thiamine chloride or hydrochloride} w'hich he propc^d for it 
after its chemical identificaticm had bean completed. The 
structural formula may be found on page 389 of Sherman's 
Chemistry of Fcmi and NutrUien, Fifth Edition. The complete 
chemical name is ob\riousI}r too long for everyday The 
name thiamin {e} tells about as much of the chemical nature of 
the sutetance as can be <x>nvey^ in one short w'ord . Becau^ 
it is oonriderad preferable that the name of each chemical 
individual shall sugg^t its diemical nature and shall not 
imply a therapeutic daim, w^e prefer thiamin to aneurin as 
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the permanent name for the substance temporarily called 
vitamin B or Bi. 

The American Institute of Nutrition, the American 
Society of Biological Chemists, and the American Medical 
Association's Councils on Foods and on Pharmacy and 
Chemistry arc among those who have formally adopted and 
recommended the use of the name thiamin. At present 
' 19-iOj the terms thiamin, aneurin, and vitamin Bi are used 
interchangeably for the antineuritic substance once called 
antiberiberi vitamine or vitamin B. 

In 191 1 C^bome and Mendel published the reports of their 
epoch-marking Feeding Experiments with Isolated Food Sub- 
stances (Carnegie Institution of Washington, Publication No. 
156, Parts I and II, 1911) and began their series of articles 
in The Journal of Biological Chemistry, Vol. 12 et seq. And in 
1912 appeared the full account of the work by Hopkins 
which we noted in Chapter I. 

While their work had originally been planned as a study 
of the nutritive values of individual proteins, Osborne and 
Alendel quickly perceived that purified protein ^d carbo- 
hydrate with butterfat and a good salt mixture lacked some 
nutritional essential which the water-soluble part of milk 
tXMitained. This they supplied firet by including in their 
experimental food mixtures generous proportions of what 
they called “protein-free milk,” made by removing the 
cmgulable proteins from whey and drying the dear filtrate. 
Soon they found that this nutritional need could be met also 
by the feedii^ of y^east, the material f^pm which Funk was 
extracting what he called yeast vitamine. Then soon after 
thb McCollum became convinced by his own experiments 
and those of Osborne and Mendel, that this water-soluble 
growth-essential was the same substance which prevented 
and cured beriberi. As he had already found that a fat- 
soluble factor was essential, he now proposed the terms fat- 
soluble A and umter-sduMe B . But the catchy term “vitamin” 
had stuck, and in 1920 Drummond proposed (as noted in 
Chapter XI) that the fat-soluble substance be called vitamin 
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A: the water-^^Iofile antineuritic sul^stance, vitamin B; and 
the ant I scorify tic sulftstance. vitamin C. 

In Ia!x>rai<ir\’ fettling fX'.rrinientr it came to I’M? customary 
to use yeast as a s*oiirce of vitamin B, and to attribute to 
vitamin B whatever of ‘*vitamin2C*’ values yeast was found 
to have. 

To this extent, then, the term vitamin B covered also the 
other water-soluble vitamins contained in yeast and confused 
them with the antineuritic substance. Inasmuch, therefore, 
as the early literature of vitamin B Lvlongs in part also 
to the other yeast vitamins, all the^^ are ^metimes collec- 
tively called the “B vitamins’’ or the “vitamin-B complex’" 
or group of vitamins.” 

Later^ to distinguish it from the other members of the ""‘B 
group” which were by then recc^ized to exist, the anti- 
neuritic substance (our present thiamin, but not structurally 
identified at that time) was designated vitamin Bi. 

NtitriHonai Functions of Thiamin 

This antineuritic substance (the original vitamin B , now 
vitamin Bi, or thiamin) has at least three other more or less 
specific nutritional functions: it is essential to growth, it 
has an important part in the maintenance of appetite, and 
it is a)ncemed in at least one stage of carbohydrate metab- 
olism. 

An illustration of its relation to growth may be seen in 
Fig. 27. Seven rats of a litter were fed, one at a thiamin 
level but little above that require to prevent deficiency 
disease, and two ^ch at three successively higher levels. 
Although all were healthy, the rate of growth was quite 
definitely determine by the thiamin intake. 

The effects ufx>n growth and upon appetite may well be 
inter-mnnected; and to the favorite conundrum of Cfebome 
and Mendel, he eat more b^:au^ he grows faster, 

or grow' faster because he eats more?’" the b^t answer is 
protmbly, ^^Both.” 

The rdation to appetite is, however, specific in two 
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senses: (1) While appetite may decline as the result of any 
of several vitamin deficiencies, no other knoum vitamin has 
such a prompt and apparently direct effect upon appetite 
as has thiamin. f2) The relation to appetite is also specific 
in the sense that it is a true effect upon appetite as a phys- 
iological condition and function of the body, and not 
merely a matter of making the food appetizing; for when the 
vitamin is given separately the experimental animal will 



Flir. 27. Ckwtli irf feealtliy iiidi'vidiials as by the level of thia- 

mis, the food bdfig allowed ai libitum, (See text.) 


return with appetite, and often vTith dramatic promptness, 
to the same food which it has previously refused. 

To what extent the wTealrening of the organian in thiamin 
deficiency' is due to starvation from lack of interest in food 
is stiil a research problem; and to what extent and in what 
draimaanccs it is feasible and dearable to stimulate the 
appetites of j^tiaits by administratiaa of thiaTnin concen- 
trates is a problem £<x the phyadan . In good scientific litera- 
ture cme may meet the simple statement that this vitamin 
iacjmses or stimulates the appetite; but at present (1940) 
there is a tmdency to qualify this so sharfriy as to limit it to a 
statement that thk vitamin restm^ an appetite which 
dedined for lari of it. 



THAMIN (VITAMIN B OR Bi) 


S11 


In our opinion, administrations of the vitamin in concen- 
trated form and as therapeutic treatment should always 
l>e uniier medical advice. 

Without any encroachment upon the province of the 
physician, we may emphasize the importance of culti\*ating 
such dietary habits as ensure, along with ample provision 
for other nutritional factors, a good intake of thiamin in the 
normal daily food. With children this is a prominent factor 
in good grow"th. partly through the stabilization of the ap- 
petite. With adults, while growth is no longer concerned, 
there is still value in the toning-up and stabilizing of the 
appetite, of the digestive mechanism, and of the processes 
involved in the carbohydrate metabolism. 

Petere and hb coworkers at Oxford have especially studied 
the relaticm of this vitamin to the process of metabolism. 
They found an abnormal accumulation of lactic acid and of 
the closely related pyruvic add in the brain tissue of pigeons 
which had been kept on thiamin-defident food; and also that 
sections of such brain tissue did not show the same power 
as parallel secticms frc»n a normal brain, to oxidize glucose 
in a suitable r^iration apparatus. Furthermore it was 
shown that, w-hen thiamin was injected into polyneuritic 
pigeons, the brain tissue was restored to normal pow'er of 
burning glucose completely to carbon dioxide. 

Williams and Spies emphasize the \'iew that similar or 
analogous relationships exist in all the various tissue in 
which carbohydrate metabcJism occurs; thus explaining the 
helpfuln^ of liberal thiamin intake in widely varied phys- 
iological and clinical conditions. 

The work of Osborne and Mendel and that of Brodie and 
!MacLeod showed that the thiamin rxmtent of body tissues 
may be influenced by that of the food. 

More recently Harris, Leong, and Ungley’* report that, as 
in the case of vitamin C so also with thiamin, the amount 
excreted in the urine reflects to seme exteit the level of in- 

•Harris, L. J- P. C. Lets®, aod C. C. Un^, hmua 193S. I, 539; Ungtey. 

C, C., LMmM WM, I. tsi; Vitmmins mni VUmmm Vcrf. I. 
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take and cona-ntration of the substance in the tissues and 
fluids of the body; and that the thiamin content of the blood 
is lowered in conditions which involve either a diminished 
nutritional intake or an increased rate of destruction. The 
increased demand of pregnancy may also have the effect of 
lowering the level of thiamin concentration in the blood. 

Harris and other English workers have given special atten- 
tion to the relation of thiamin intake to the heart action. 
Experimenting with rats they found that shortage of thiamin 
in the food, with resulting incompleteness of carbohydrate 
metabolism and increase of pyruvic acid in the blood, slows 
the action of the muscles of the heart, often from the rat's 
normal rate of about 500 beats per minute to 350 or less. 
This experimental bradycardia is quickly curable by injection 
of thiamin or by ingestion of food which contains it. Such 
experiments have even been made a method of estunating the 
thiamin (\-itamin B ) values of foods. 

Measures of Thiamin 

The technique of measurement of the thiamin contents 
of foods and of artificial concentrates is subject to rather 
rapid change at present and need not detain us in our present 
study; for now that thiamin is readily available in pure form 
all methods ica: its determination in foods or other materials 
are of course standardized by control measurements with 
pure tMamm. i\nd few the same reason we can now express 
the ammint of thiamin contained in a food or desired in a 
dfet in direct terms, just as we have done in the cases of 
fxotein, plu»phorus, calcium, iron, and ascorbic acid; 
thoi^h the ah^lute amounts of thiamin concerned in our 
normal nutrition are so small as to make it more oonvenirat 
to use a unit erf tveight even smaller than the milligram. 

The growing arstom is the cwie recomntended by Williams 
and Spies, namely, the expre^on of amemnts such as are 
omcemed in daily food intakes in terms of micrograms. The 
nucrogram is the milKcmth of a gram, <x the thousandth of a 
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milligram. It is often represented by the Greek letter 

gamma 

By ofikial definition of the Health Organization of the 
League of Nations in 193tS the International Unit of thiamin 
or vitamin B; h S micrograms of actual thiamin (thiamine 
chloride.. The United States Pharmacopeia (U.S.P.) Unit 
is by official definition the same as the International Unit. 

Human Requirements and Dietary Standarcls 

Cowgill proposed about 10 micrograms of thiamin per 
kilogram of body weight as a daily allowance for normal 
adults. 

!M. S. Rose recommends at least 15 micrograms of thiamin 
p>er 100 Calories in family dietaries or general food supplies; 
and cites with apparent approval* the Leag^te of Nations 
recommendation of twice this amount. 

Williams and Spies, from a critical study of all available 
evidence in the light of further laboratory w'ork on the 
chemical r6le of thiamin in the intermediary metabolism of 
the organic foodstuffs, cnnclude that the thiamin need is 
proportional to the non-fat calories rather than the total 
calories of the food supply or energy metabolism. They 
interpret the evidence as indicating that for esery 100 non-fat 
Calories supplied in the food or metabolized in the body 
there is need of 27 micrograms of thiamin. 

Both scientifically and practically, it is important to grasp 
firmly and keep clearly in mind the fact that all the foregoing 
estimates of thiamin requirement are based largely on data 
of a different kind from those used in arriving at the protein, 
pheephorus, and calcium requirements discussed in earlier 
chapters. 

The “base line" in the study of protein, phosphorus, cr 
calciiim need is the average need of all the individual cases of 
which adequate retxmls were to be found; whereas the cor- 
respemding tese line in the study of thiamin requirement is 
not the average need of all the individuals but the need of 

WMiimg SM FcsrtJb Editkm (IWO), p. 12?. 
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those in parh group u'ho needed most. For a dietary on which 
“beriberi occurred/’ no matter in how small a proportion 
of the group which received the dietary, is put down as con- 
taining not enough thiamin. In a very large proportion of 
cases the dietaries thus reported as deficient were demon- 
strably deficient only for the minority whose needs were 
highest. Thus the whole argument and computation start 
from a much more liberal (quantitatively higher) base line 
or initial concept in estimating the thiamin (vitamin B) 
requirement than in estimating, for instance, the calcium or 
phosphorus requirement. 

And, strange to say, with all the widespread enthusiasm 
for liberal intakes of thiamin that now exists, there seem 
to have been as yet (1940) no comprehensive full-life and 
succesive-generation experiments with different liberal 
level of nutritional intake of this factor, such as have already 
been discussed in our study of calcium in Chapter VIII and 
will be mentioned in connection with riboflavin and vitamin 
A in subsequent chapters. 

Thiamin Contents of Typical Foods 

Thiamin is of very- widespread occurrence in the animal 
and vegetable kingdoms, and therefore in foods of both 
animal and plant origin unless these have been artificially 
refined or otherwise subiected to loss. Table 15 herewith and 
Table 27 in the Appendix give the results of our study of all 
available data cm typical foods, stated in each case in terms 
erf a range which as more fully explained in the footnote to 
Table 27 is in tended as a reasonable estimate of the bounds 
within which tl® trt® average probably will be found. 

Muscle meats appear from recent work to be richer in thia- 
mm than previously aippc^ed. Pork muscle seems decidedly 
richer than beef mmek, though this difference is doubtless 
somew'hat diminiirfied by the more drastic cooking which 
pcjrk needs as a safeguard again^ trichinosis.* The few in- 
wstigations tilths far avaUalrfe do not show a emre^xmehng 


•See alio Oapter XXI. 
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species diflereria? in the glandular organs and %ve have there- 
fore a\'£Ta^t-cl the Mianty data on the kidmy and liver, re- 
sfx.ctiveh\ frcjm cattle, sheep, and swine together. These 
glandular organs show thiamin values intermediate between 
iMfct muscIe and pork muscle. Again, the quantitative differ- 
ences may se^mewhat modified by cookereu 

The thiamin values herc^ given for milk and for eggs are 
doubtless mori* stable. When com paring them with each 
other and with meats, the fact that milk is much more 
wateiy’ should hv kept in mind, WTien milk is as liberally 
u^d as (for several nutritional rea^^ns) is wise, it becomes 
one of the major sources of thiamin in the dietary". 

Cereal grains and their milling atid bakery prmiucts call for 
special attention, because while the seed as a whole is rela- 
tively rich in thiamin very" much the largest part of this is 
rejected in the milling of refined white flour or rice. The 
bran and germ (embiy’o) thus milled away, and the yeast 
introduced in breadmaking, are all fairly rich in thiamin, 
but aie only minor sources in the amounts in which they 
enter into the majority" of present-day American dietaries. 
It is (in February 1940) too early to judge w^hether the thia- 
min-rich baker’s yeast recently deanibed by Frey will 
materially change this situation . A W'hite flour made to retain 
the germ writhout the bran, or with germ returned in the 
same proportion originally present, is not nearly so rich in 
thiamin as is whole w"heat flour. Only about one-eighth as 
mudi thkeiin can be expected in w"hite polidied rice or in 
W"Mte flour or bread as in the corresponding whole grain 
products; and, of oourse, the commercial snmis and fats 
cmktBm only trac^ of thiamin, if any. 

The legume seeds, beans y lentils , pms^ and peanuts rank 
mesar or with the whole-grain (Areals as rich sources of 
thkmin. This is even true of fresh ymng green pms, notwith- 
standing their higher water exmtent. 

TTie ether wgekMes md the fruits diow moderate variations 
either "way^ from an average of about 100 micrc^rams of 
tHamin per ICW grams of the ^ible material in the moist 
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Table I5.-~~Thiamlv ix Typical Fckjds: Micrograms per 1(X) Grams 


Food 


Range Within Which 
Avejrage Will Prob- 
ably BE Found 


of A rdmal Origin 

Bmi 1 10-210 

Chicktn land foivl) 90-380 

(and nrntton) 200-300 

Furk muscle 700-1400 

Kidney (of cattle, sh^p, and sudne) 400-500 

Ij\-er (o! cattle, sheep, and swine) 300-420 

Milk... 40-65 

Eggs. 140-160 

Egg white. trace 

Eggydk..,. 350^ 

Gram Prmiufts 

(kts (oatmeal) 345-770 

Rice, entire 240-300 

Rice, white (,|X>Iish^) 30-40 

Wheat, entire 500-660 

White ioiir 60-100 

White bread 55-85 

Whole wimt bf^d 240-400 

Ory Legumes 

Beans. ^ or m\j, dr>^ 315-510 

Bmns, lima, dry. 450-600 

dr>% 300-620 

P^iits.. 500-600 

Osker und Frmik 

AppI^ 20-55 

50-100 

fens, or string 55-95 

Cahlspr.... 70-140 

Canots..... 60-140 

50-125 

Chmnfe (or fell Juice) 75-145 

Fms, fr^ young grem 270-495 

Porntm...... 95-165 

Spimeh..... 95-155 

Tomato (m fr^ jai«) 70-115 
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State in which most fruits and ^■t•gt■tablt-s arc marketed. It is 
a common mistake. — mi t even in ajme otherwise authori- 
tatiw Ixxjks. and tiften in oral discussion, — tti treat the suc- 
culent fruits and vegetables as if, containing only aljout one 
part pi-r million oi thiamin, they were therefore nearly 
ra ghgiMe soura*s. But because of their succulent character 
iand relaiive-!y low calories; fresh, including frozen and cold- 
stored. fruits and vegetables can be consumed in liberal 
quantities with pleasure and without fear of making the diet- 
ary too fattening. Moreover, our newest knowledge of nutri- 
tion tells us even more clt^arly than did the “newer knowl- 
edge” of a few years ago, that liberal use of such fruits and 
vegetables is so advant:^eous to health and efficiency as to 
be especially good dietetics and food economics. A normal 
adult dietary which gives due recognition to present-day 
knowledge will very probably contain two to three pounds of 
total fruit-and-vegetables in the course of a day, and when 
used in such quantities these foods are among the major 
sources of thiamin in the dietary. A more abundant use of 
fruits and vegetables, the selection varying with individual 
preference and with market supply and price, is certainly 
(me of the very best vvay^s of improving the dietary in several 
of its mineral and vitamin factors. 

Stability of Thiamin in the Storage and 
Prefxiration of Foods 

Mature, dry, imbroken seeds seem to contain their 
thiamin in a relatively stable form and favorable environ- 
ment. In one published report, the evidence of local records 
was accepted as showing that wheat taken from the bottom 
of a certain tight dry granary compartment was a century 
old. On feeding to experimental animals it ivas found to be a 
potent source of thiamin. Obviously there was no means of 
knowing just bow much thiamin it had originally contained; 
but obviourfy also the thiamin of this wheat had shown 
good stability. 
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Like other thermolabiie substances thiamin is more stable 
to heating in a dr}' state than in solution. 

Thiamin , like vitamin C, is (other conditions being equal) 
distinctly more stable in a moderately acid than in a corre- 
sjj»>ndini;ly alkaline f* Jution. 

In tomato juice, for instance, the experiments of Gross 
showed the rate at which the destruction of thiamin occurred 
was gradualK* increased with rising temperature (thus cor- 
recting the early impression that the substance was “stable 
at lOU' l)ut destroyed at 130'”}, while Burton’s work 
brought out clearly the destructive effect of additions of 
alkali on whichever side of the neutral point. 

In the former investigation, heating was always at the 
natural acidity of the tomato juice (pH = 4.3). At 100° C., 
this heating destroyed 20 per cent of the original thiamin in 
4 hours: at 110", 33 per cent; at 120°, 47 per cent; and at 
130', 55 percent. Clearly there is here no sudden destruc- 
tion. or even sudden rise in the rate of destruction, at any 
definite temperature. The chemical reaction which changes 
the thiamin into something else is increased in its rate as the 
temperature rises, but no more so than most chemical 
reactions. 

Burton also found a destruction of 20 per cent of the 
thiamin of tomato juice when heated 4 hours at its natural 
acidity: when the aridity was about half neutralized before 
the heating, the destruction rose to 31 per cent; and when it 
had been brought barely over the neutral point (pH = 7.9) 
the destruction for the saime time and temperature of heating 
was 70 per cent. 

WTiile vitamins Bi and C (thiamin and ascorbic add) 
thus show a similarity in their therraolability and suscep- 
tibility to alkali, we would not be justified in assuming from 
these facts similarity of behavior of vitamins in general; for 
^loigan has fmmd that the impregnation of drying fruit 
with sulfurous add diminish^ the Ic^ of vitamin C but in- 
creases the lo^ of vitamin Bi (thiamin) . 
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In a recent study in the Federal Bureau of Home Eco- 
nomics*. aLcmt 20 to 25 per cent of the thiamin of spinach, 
potat^X‘5, and snap L^^ans was destroyed when th^e vc^e- 
tai^les were cccfked Iw Ix^iling, while smaller additional 
ame^unts were dis.^jlved away. Scxia, added to the 

green color of the snap Ic^ans. more than doubled the de- 
struction of thiamin in ccKjking. Cooking carrots in boiling 
water or under steam pr^ure, and double-!x>iler ccx>Idng 
of cereals did not cau^ any measurable destruction of 
thiamin; but rcmsting pork loin destroyed 40 to 45 p^r c^nt 
of the thiamin pre^nt. Baking wholewheat bread apj^ar^ 
to lower its thiamin a>ntent about 15 per cent. 

Why and How to Have a Thiamin-rich Diet 

The trend of opinion has been and is favorable to liberal 
use of thiamin both in food and as a drug. 

The argument runs that three causes operate to produce 
thiamin deficiency* in the bcxly: (1) low* intake; (2) derange- 
ments of gastro-int^tinal function w*hich may diminish 
absorption; and (3) increase destruction or inefficiency of 
utilization in the 

The fact that a large proportion of the total food caloric 
is nowada\*s veiy' often taken in the form of artificially re- 
fined focxis containing little if any thiamin is unquestionable. 

Wliether a large proportion of f^ple have abnormaliti^^ 
of digestion or metabolism w^hich prevent their efficient 
al^iption and of thiamin, and therefore create a neol 
fora large intake, is a medical qu^tion which reaches beyond 
the ^»pe of this book. As bearing, however, U|x>n the trend 
of opinion regarding thiamin intake, it may be not^ here 
that the clinical reception of thiamin has been highly and 
i^ddbly favorable. Thus Vorhans, Williams, and Waterman 
r€fx>rt^ in the Journal the American M^-kal Assmmikm 
of No\*ember 16, 1935, that in their hospital studio thiamin 
had improval 92 out of 1(X) ca^ of clinical neuritis, cured 
six and iiiipro\ud the other two of a group of eight ca^ of 

m ^ Ewmsmics 31 , 5S2 1939). 
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unexplained gastro-inicstinal hypotonicity, and improved 
the utilization of carbohydrate by sbc out of eleven diabetics. 

The comprehensive and critical review of clinical experi- 
ence up to 1938. given by Williams and Spies in their 
Vitamin Bi i Thiamin) and Its Use in Medicine presents 
abundant evidence of favorable attitudes on the part of 
physicians. 

it is now held that present-day^ habits of meeting the 
eneigy needs of nutrition so largely by sweets, fats, and 
breadstuffs and other cereal products from which nearly all 
of the thiamin has been removed, probably result in slight 
deficiencies which go unrecognized and by long continuance 
gradually bring about an ill-defined weakness. The sugges- 
tion of Sure, that failing health in the adult particularly may 
be the cumulative result of deficiencies in the diet covering a 
period of many years, is being widely quoted. 

WllHams and Spies (1938) also emphasize the view that 
defidendes too mild to be recognized may nevertheless be 
cumulative in their weakening effects; that dietaries thus 
mildly defident in thiamin have not only been common for 
the reasons already mentioned but also have sometimes un- 
wittingly been prescribed by phy'sicians and taught by die- 
titians, because special diets have often sought the avoid- 
ance of things deemed dangerous to the patient or difficult 
of digestion rather than the providing for all nutrient needs. 
Sometimes too, a diet followed because of a fear of digestive 
weakne^ is poor in thiamin and thus actually induces a slow 
d^eneraticMi of the digestive powers and perhaps also of the 
aj^tite. They hold that appetite and digestion may also be 
weakened by the circulation in the body of the unbumed 
degradation-products of a carbohydrate metabolism in- 
sufficiently supported by the thiamin intake; and tha t in 
cmsequence of these "vidous circle'’ of digestive and meta- 
bcdic influence many pjeople are brought by imperceptible 
stag^ into a cxKidition of thiamin need. They emphasize the 
tsc^ range in which the person is free from symptoms and 
yet is not gettiig as mudi thiamin as they believe he should; 
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and they hold also that diets which are imor in other nutri- 
tional factors are apt to increase the fxxly's need for thia- 
min.^ In their view, ‘it is l>ec<.#ming more apparent that 
prrd'.n,;-;! :::a iv.^iiacy of vitamins, either from dietary lack, 
failure of utilizat ion , or increa^^-d demancl , prcxiiices a variety 
of l.orderline states of ill health. . . . Clinicians are teginning 
to realize that the effects of a persistent, slightly faulty diet 
may not detectable for years/’ . . . And moreover that, 
‘^Because of custom or preconceived ideas as to what foods 
are gcxxl for them, or becau^ of dependence upon appetite 
as a guide to the pro|XT selection of foods, many (xcple are 
likely to chcxjse a pCK)rly balanced diet,” even when jKJverty 
is not a factor in their food selection. 

The British Medkal Journal has pointed out editorially 
that in England the social custom of using the increasingly 
whiter bread which the present-day roller prcKXss of milling 
enables the baker to offer to (and urge upon) his public has 
resulted in the unjustifiable situation that even the comfor- 
tably circumstanced typical Englishman of today is getting 
less thiamin than the half-starv^ed paupers of a century ago; 
for while the latter were given only a starvation ration it 
consisted largely of bread which had nl>t been robbed of any 
of the natural exsnstituents of the w'heat. 

Still more recently, the British quarterly Nutrition Ab- 
stracts and Ra^iews giv^ leading jxisition to a review by 
Copping (1939) which (1) reex^izes frankly the strength of 
of social custom and of the preference of the milling and 
taking interests for the products which are easiest for them , 
and : 2) explains that the intei^t of the public health re- 
quires a modification of the fashion of extreme whiteness 
(“finen^”) in flour and bread. 

Copping condud^: (1) that the change from the formerly 
standaixl flour which rantained more of the wheat to the 
pr^nt-day white flour has in the reduction of the 

nutritive value of the protein, in serious lowiaring of the con- 

and S|to Y^min B% {TMmdn} m«d lis Us4 im Meikin^, 

p. SS. 



ESENTIALS OF NUTRITION 

tent of calcium, phosphorus, and iron, as well as the nearly 
cconiplete elimination of vitamin value . . . “all representing 
dead loss nutritionally": i,2) that in order to change back to 
whole-wheat flour it will be necessary' both to educate the 
public and to overcome the inertia of the existing milling 
irsdustiy and flour trade; and i 3) that “the advantages to 
be gained in national health would make it w'ell worth while 
to overcome these difftculties.” 

Such natural foods as fruits, v^etables, milk, and eggs 
should along with the whole grain products be given reason- 
able prominence in the dietary. A two-fold recommendation 
aimed to accomplish this is; (1) that half the total calories 
of the diet be taken in the form of fruits, vegetables, and milk 
(including cheese, cream, and ice cream); and (2) that, of 
whatever breadstufls and other cereal products one con- 
sumes, at least half should be in whole-grain, dark, or “un- 
skimmed" forms. 

It is not iiecessar>- or important, and it may be unwise, 
to make a spjecial point of demanding that the socalled whole- 
wheat products be literally so. Often the manufacturing proc- 
ess begins by scouring-off and rejecting the more harshly 
fibrous extreme outer layer of the kernel, so that the re- 
sulting product, still containing practically all the nutrients 
of the grain, is less laxative and less liable to irritate the 
intestinal wall than a literally entire-wheat product would 
be. The possible danger of irritation is still further reduced 
if the grain, after having been thus freed from its scratchy 
outer oat. is then ground to small particles thereby dimin- 
ishing the factor of mechanical stimulation of the digestive 
tract and increasing that of thoroughness of digestion. 

Wiiliarns and Spies (1938, p. 110) suggest that there is 
probably a -aide difference between the level of thiamin 
intake required for the prevention of beriberi and that which 
conduces to the most excellent health. With so strong a 
dispcsition tothe liberality of intake as this view encourages, 
it would seem that it should be tested by experiments with 
klKKiattry animals fed different liberal leveb cff thiamin 
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throughout the lifetimes of at least two generations, as has 
teen done in the study of calcium, and as is being done in 
the experiments with riboflavin referred to in the chapter 
which follows. 


EXERCISES 

1. Develop symptoms of thiamin deficiency in rats, pigeons, 
fowls or chicks by means of a diet deficient in thiamin. 

2. What is the thiamin content of each of the dietaries or 
weekly fcKnl orders previously planned or recorded? 

3. Arrange your “twelv^e to forty foods” in the order of their 
thiamin content: (a) per 100 grams of the edible portion; (b) per 
100 Calories. 

4. Which of the dietaries, and which of the individual foods, 
meet Williams’ criterion of containing at least 1 milligram of 
thiamin per 3700 non-fat Calories? 

5. In each of the dietaries what would the thiamin content be 
(a) if all the breadstuffs and cereals were * 'whole grain” products, 
and {b) if all were highly refined white products? 
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Chapter XIII 


RIBOFLAVIN, NICOTINIC ACID, AND THE 
PELLAGRA PROBLEM 

Ribofla/in 

After yeast had been used for some years as an occasional 
experimental food in \Titamin research, it was found to have 
a grorivth-promoting value (as an addition to certain labora- 
tory diets) even after it had been heated to destroy its thia- 
min. Evidently it ccMitained something of nutritional signifi- 
cance which is more stable toward heat than thiamin is. 

This relatively heai-stable (thermostable) something was 
found also to be present , in relatively greater abundance t han 
thiamin, in milk; and likewdse to a very significant extent in 
egg-white, which contains only a doubtful trace of thiamin. 

It had l(Hig been known that milk contains beside the 
orange-yellow' fat-soluble substance which goes into the 
butter or che^, a gfreenish-yellow water-soluble natural 
coloring-matter, which was first called lactochrome, and 
later ladojlavin. And this lactoflavin now turned out to have 
nutritionzd effects c^^reeing with some of those of the “heat- 
staUe fracticm” of yeast. The explanation of this was found 
to be that the individual substance lactoflavin is one of the 
rdatively heat-stable factors oontained in yeast, and in milk. 
This factor was also separated as a pure substance from egg- 
irtiite and fcaind to be chemically the same whether obtained 
from milk, or ^g, or any of a number of other sources. Very 
soon too it was sjmthesized in the laboratory and its chemicji 
nature fully establirfied. (The structural formula is diown 
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on page 408 of the Fifth Edition of ‘'Chemistry' of Food and 
Nutrition” and on page 256 of the American Aledicai Asso- 
ciation’s '‘The Vitamins, 1939.”} 

Riboflavin is the name then coined to suggest as much of 
the chemical nature as a single short word can; and as being 
equally appropriate for the substance whether made syn- 
thetically or derived from any of its natural sources. 

Riboflavin is widely distributed in both plant and animal 
tissues and is contained in relative abundance in milk and 
^gs, the means by which animals convey nutriment from 
one generation to the next. 

The t^t known function of riboflavin is that it combines 
with phosphoric acid and protein to form tissue respiratory 
enz^Tnes which control some of the oxidations involved in 
the life processes of the tissues. 

The fact that riboflavin is an essential factor in the nutri- 
tional proc^s^ of all kinds of plant and animal tissues may 
reasonably be taken as implying two things: (1) that because 
of its wide distribution in plant and animal tissues, human 
dietari^ are probably rarely so drastically deficient in ribo- 
flavin as they sometimes have been in thiamin or in vitamin 
C ; and (2) that the unrecognized effects of shortages of ribo- 
flavin in man are doubtless more widespread in the body 
than the s>miptoms which have yet been established clini- 
cally. 

The Journal of the American Medical Association has 
spoken of riboflavin as being "nec^sary for the maintenance 
of the defend powers of the organism”; and more recently 
Pinkerton and B^sey of the Harvard IVIedical School have 
reported* that riboflavin deficiency, even in a relatively 
early stage, greatly lowers the resistance of the rat to endemic 
typhus. They also point out that this typ^ of deficiency offers 
a new method of approach to the investigation of other 
dis^s^, and of the ways in which bodily n^istance to 
disea^ can he mBaenced through nutrition. 


♦PIsbErtcai, H.» airf O. A. B^asey, Sdmm 89, 368-S70 (April 21, 1939). 
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In experiments with rats it has been found that riboflavin 
is c^'ntial not onh- to growth but also to normal nutrition 
at ail ages. When the food is poor in riboflavin for any con- 
siderable length of time, digestive disturbances, nen-ous 
depression (different front the poIjTieuritis of thiamin de- 
ficiency), general weakness and lowering of tone, and an 
unwholesome condition of the skin are apt to develop; the in- 
cidence of infectious disease is likely to be increased, vitality 
diminished, life shortened, and the prime of life curtailed 
by the unduly early onset of the aging process. 

There is strong scientific probability that the effects of 
higher or lower riboflavin intake upon the life-history -will 
be similar in their general trend and significance in the human 
family to those observed in rat families whicdi (with a uni- 
form hereditary background and with environmental factors 
alike in all other resp>ects) have been fed for two generations 
cm dietaries of different riboflavin content. Such experiments 
by Ellis and others in the Columbia laboratories show that 
when account is taken of the full-life and successive-genera- 
tion effects, increasing benefits continue to result from in- 
creasing richness of the dietary in riboflavin, up to levek 
more than twice as high as that of minimal adequacy. 

MecBvrom^is and Requirements 

Now that riboflavin is available in pure form, we no longer 
need artificial “units” for the expression of the amount of 
this factor contained in food or required in nutrition. 
Amounts can be expressed in terms of actual weight of 
riboflavin. 

On tlK other hand we now know that riboflavin exists in 
plant and animai ti^ues, and thus in foods generally, both 
in the free state and in combinations of at least five to seven 
Mads. Hence the prc^pect of simple in vitro methods appli- 
cable to all Mnds of foods seems somewhat doubtful at pres- 
ent. Meanwhile measurements are made by means of very 
carefully emtroUed quantitative feeding tests in which 
strictly ctmaparalfc exfmrimental animals cm the same basal 
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diet receive their allowances of riboflavin ( 1 ) as knowTi 
quantities of the pure substance or ( 2 ; as weighed feedings 
of the material under investigation, respectively. When such 
comparisons are made side-by-side under veiy^ carefully 
standardized conditions, over a sufficient range of intakes, 
and with sufficient numbers of animals at each feeding-level, 
it becomes possible to translate the results into terms of the 
actual riboflavin content of the food. 

Investigation has shown that riboflavin is, in fact, the 
growth essential whose relative amounts had previously 
been expressed as “Bourquin-Shennan units of vitamin G” 
and Bessey has determined that one such unit is about 2.5 
micrc^ams (millionths of a gram, sometimes designated 
gamma ( 7 ) or itg) of riboflavin. 

The standard allowances of Stiebeling and Phipard (1939)* 
may then be expressed as follows: 

1 ,500 micrograms of riboflavin per day for girls of 14 to 
19, for boys of 11 to 19, and for all people of 20 
years auid over; 

1,350 micrograms for girls of 8 to 13, and for boys of 7 
to 10 years; 

1,125 micrograms for girls under 8 , and for boys under 
7 yearn of age. 

And the standard of Rose’s Foundations of Nutrition, 
Third Edition, becomes 50-60 micrograms of riboflavin per 
100 Calories of food in family dietaries. 

Some experiments have been made with riboflavin, on 
the same general plan as the studies with ascorbic add 
described in Chapter XI , to ascertain the relation between 
the level of intake and the “saturation” of the body with 
the sulstance in the sense there explained. Hogan** suggests 
that one might estimate from such data that a man should 
for best results receive not less than 2 to 3 milligrams (2000 
to 3000 /jg) of riboflavin per day. 

The experiments of Ellis mentioned above give strong 

"•TJ. S. I>ei}artiiieott <rf A^^iailtore, Circular No. 507, p. 66. 

**Amcrk:am As^odatkm vdiime “The Vitamins, 1939,** page 279* 
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objective support to the presumption that bodily “satura- 
tion,” with ribofla\’in is a condition favorable to the attian- 
ment of the higher levels of health. 

At present, in fact, the scientific evidence for such a belief 
apf>eais to be more conclusive in the case of riboflavin than 
in any other case except calcium and \itamin A. 

Foocis OS Sources of Riboflavin 

Plants form riboflavin beginning early in their lives. 
Even very young plants contain more riboflavin (in actual 
amount or in percentage of their dry matter) than the seeds 
from which they sprouted. 

Somewhat as with vitamin C, though perhaps in a lesser 
d^ree, the young, juicy stage of development at which we 
most relish succulent foods for their “freshness” is also that 
rt which they are the best sources of riboflavin. In general, 
too, the most actively functioning parts of the plant, the 
green leaves and growing tips, are relatively richest in ribo- 
flavin. 

Reckoned on the basis of the 100-Calorie portion, citrus 
fruits (oranges and grapefruit) and bananas furnish their full 
quota of riboflavin toward the meeting of human require- 
ments, while the scattering results on other fruits indicate 
that they furnish less. 

The riboflavin contents of a number of typical foods are 
shown in Table 16, expressed on the same basis as are the 
corresponding thiamin values in Table 15 (preceding chapter) . 

Perhaps the most important general diflferences in the 
quantitative dbtribution of these two vitamins axe, that 
milk is relatively richer in riboflavin while wheat is relatively 
richer in thiamin as axe probably most of the seeds. 

The green leaf foods, reprraented in Table 16 by kale and 
spinach, are also ridier sources of riboflavin than of thiamin. 
Of the riboflavin ccmtent of fruits and vegetables generally 
we may say much the same as of their thiamin content, 
namely, that if the figures look low it is largely because of 
tte high water ccmtent of thesfe foods, and that when used as 
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abundantly as they well may be they bec»me gcx>d sources. 

Let U3 now consider some individual foods. 

Beef and pork muscle, which will be remembered as differ- 
ing widely in thiamin content, are seen to be ver>' similar 
in the amounts of riboflavin which they contain. Liver con- 
tains, weight for weight, about ten times as much riboflavin 
as does muscle; and kidney is nearly as rich, in riboflavin, 
as is liver. 

Milk, notwithstanding its high wnter content, contains 
about as much riboflavin, weight for weight, as do the 
muscle meats. 

Eggs are distinctly richer in riboflavin than are the muscle 

Table 16.— Riboflavi.\ in Typical Foods: Miceograms per 100 grams 

Range Within Which 

Food Average Will Prob- 

ably BE Found 


Foods of Animal Origin 

Beef muscle 180-260 

Pork muscle 225-255 

Kidney (of cattle and swine) 1700-2200 

Liver (of cattle and swine) 1800-2600 

Milk 195-240 

Eggs 280-420 

Egg white 150-8(KD 

E^yolk 380-750 

Grain Products 

WIimt, entire lCK)-2^ 

Wlieat germ 600-^XD 

VegeMMes and FruUs 

feaana 45-80 

Brocmli 200-500 

Cabba^ 65-135 

Carrots... 75-125 

Kale 400H300 

Lettuce 100-240 

Orange or juioe. 28-62 

%imcli. 250-400 

Tomato. 37-63 

Turnip ^100 
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meats. Even egg white, which contains only traces of 
thiamin, is a relatively rich source of rilx)flavin, though the 
yolk is still richer. 

Whole wheat contains only about one-fourth as much 
ribrjfla\-in as thiamin. The germ or embiy^o is richer in both 
of these factors than is the entire grain. But as the germ 
constitutes only about two per cent of the weight of the 
grain, a large fraction of both thiamin and riboflavin of 
wheat is rejected "svith the bran, even if the germ is re- 
tained with (or returned to) the white flour. 

Among the vegetables and fruits the green leaves are out- 
standing. kale and spinach containing several-fold more 
riboflara than do tv-pical fruits and other-than-green vege- 
tables; while broccoli, cabbage, and lettuce occupy an inter- 
mediate place. 

It is also of interest to see how different types of food 
compare as contributors of riboflavin (as well as of other 
nutritional factors) to representative dietaries. 

Table 17 shows this as illustrated in Stiebeling’s data for 
medium-ccBt dietaries as reported in the consumption 
studies made jointly' by the Federal Departments of Agricul- 
ture and of Labor. 

In these presumably representative cases, milk (including 
cheese and ice crraun) was the largest contributor of ribo- 
flavin to the dietary; meat (including poultry and fish) was 
seoHid; and v^tables stood third. The importance of the 
v'egetaW^ is not fully apparent at a glance in Table 17 be- 
raiBe they are there subdivided. Eggs contribute as large a 
proportion of the riboflavin as of the protein, if the data of 
Table 17 are typical as we believe them to be. 

Pellagra <and Its Cere by Nicotinic Acid 

The word ^Uagra signifies rough or inflamed skin. This 
is the outstanding symptom of a disease usually associated 
with poverty and with too great a dependence upon maize 
as a food. WTiile pellagra is often called a disease of maize 
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Table 17. — Relative Promixenxe of Certaix Types of Food’*' 
Tn dietaries costing S2.38-S3.^ weekly per food -cost unit) 


^Peecen't Percentages Contributed by Each 
Food or Food !of Food Food Group to the Total Secured 

Group i Money ; ^ 

Allo- Cal0“ Pro- Cal- Vita- * Vita- Ribo- 
CATED tein cium ,min Ajiriin C|flavln 


M^ts and fish 25.5 

Eggs......... ....... 5.0 

Milk, cheese, ice cream .... 12.1 

Blitter, cream 7.6 

Other fats 3.0 

BreadstiifTs, cereals, bakery’ 

products 17.6 

Sugar, sweets 4.2 

Potatoes, sweetpotatoes. . . 1.5 

Dried legume, nuts, 1.8 

Tomatoes 1.5 

Citrus fruits 3.2 

Green and yellow v^etablesj 3 . 9 

Other vegetables 3,4 

Other fruits 3.9 


12.9 

^36.2 

2.7 

7.1 

0.7 

!32.2 

1.7 

4.9 

2.7 

6.0 

— 

5.3 

9.8 

16.0 

60.7 

13.9 

5.3 

134.2 

9.3 

0.4 

1.4 

16.0 

? 

0.4 

7.8 

0.5 

0.1 

0.8 


1.1 

130.3 

27.3 

12.0 

3.5 

0.6 

5.7 

12.4 

0.1 

2.1 

— 

— 

— 

5.8 

4.4 

3.4 

2.6 

22.8 

7.2 

2.9 

5.3 

3.4 

0.2 

— 

0.8 

0.3 

0.4 

0.5 

9.5 

7.8 

0.6 

1.1 

0.5 

3.0 

0.6 

29.6 

3.3 

0.8 

1.4 

3.4 

33.7 

12.8 

3.7 

1.0 

1.0 

2.8 

1.3 

8.1 

1.2 

2.8 

0.7 

1.4 

4.6 

12.3 

3.9 


eaters this is to be taken in the same sense that beriberi is a 
disease of rice eaters. In each case the disease is to be attrib- 
uted not to anything actively injurious in the food but to 
nutritional deficiency due to too great a dependence upon 
“one-sided” food, — food whose energy value is not balanced 
by sufiident amounts of other nutritional factors. 

The pellagrin, as the victim of this disease is often called, 
usually suffers not only with the skin trouble which gives 
rise to the name but also with mental or nervous disorder or 
depr^ion, and with inflammation of the tongue and the 
lining of the mouth often extending to severe disorder of the 
digestive tract. One sometime hears reference to “the three 
Os of pellagra — depression, dermatitis, and diarrhoea.” It 
is also aynddered by physicians in pellagrous regions that 

from Stfebellr^, Serial No. R 409, Bureau Labor Statistics, 
U. S. Ltep*. (1936). 
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T,vhen either the nen-ous 'mental) disturbance or the digestive 
disorder occurs with the characteristic dermatitis, the two 
symptoms together justify a diagnosis of the disease. A 
cliaractcristic feature of the dermatitis of pellagra is that it 
occurs symmetrically upon, for instance, the backs of the 
hands, the ankles, the forearms, or the back of the neck. 
Often but not always, the dermatitis is most pronounced 
on some part of the Ixxly which is exposed to the sun. In 
its early stages it may resemble sun-bum. 

Xot "until the first decade of this century was pellagra 
reported in the United States. Then the reports of its pres- 
ence rapidly grew to an alarming frequency, especially in the 
South. .Authorities of the United States Public Health 
Seiwice consider that probably over 100,000 of our people 
have suffered from pellagra in each of the past 25 or 30 
years. 

Naturally, this disease has been much studied. It was 
found that an analogous condition, called “black-tongue,” 
in dc^ could be induced experimentally by pellagra-produc- 
ing diet, and cured by such dietary improvements as were 
found to cure clinical pellagra. 

Late in 1937, it was found that nicotinic add cures black- 
taigue, and immediately there followed a rapid succession 
of reports of its successful use in human pellagra. 

The sutetanc^ which thus unexpectedly acquired such 
important nutritional interest, had long been known to 
chemists; and one may readily “look it up” as fully as one 
desires in twoks on organic chemistry. It was first described 
as one of the products formed when nicotine is broken down 
by laboratory treatment, and in this way came to be called 
nicotinic add. 

Nirfrifioftal Requirement for Nicotinic Acid 

As yet (1940) quantitative data on intakes of nicotinic 
add rdate duefly to desirable dosages for the therajjeutic 
tr^tm^it of patients w'hose bodies are doubtless abnormally 
ckplet»i of this factcs", ratter than to normal nutritional 
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needs. Tentatively however, Elvehjem has estimated* that 
the average adult probably requires somewhere between 10 
and 25 milligrams day. 

There is evidence that the level of concentration of nico- 
tinic acid in the body fluctuates with the amount which the 
dietaiy’ or food supply furnishes, and also with the rate at 
which it is destroyed in the body. In these respects the case 
of nicotinic acid is somewhat analogous to that of ascorbic 
acid w’'hich we studied in Chapter XI. But whether it is 
desirable to keep the body as nearly “saturated’' with the 
one as with the other is a question for much further research . 

TTie Practical Preventiori of Pellagra, and the Broader 
Nutritional Problem of which This is a Port 

Recent clinical evidence seems to leave no room for doubt 
that while nicotinic acid cures the most outstanding symp- 
toms of pellagra, the typical pellagrin is usually a sufferer 
from shortage not only of nicotinic acid but also of ribo- 
flavin and often too of thiamin. 

Thus while riboflavin cannot prevent or cure pellagra 
■without nicotinic acid, yet in practice the riboflavin content 
and the nicotinic add content of the diet both have a bearing 
upon the occurrence and j>ersistence of the disease. Liver and 
yeast, being relatively rich in both, naturally have a high 
place in therapeutic discussions of the disease. But such 
permanent and widespread reform of the food supply as is 
needed will probably be more effectively brought about in 
terms of the more staple or everyday foods of the general 
population. 

The typical diet of the poor pellagrin consists so largely 
of |x>rk fat, cx)m bread, soda biscuits and syrup, that it 
cannot be made nutritionally good by the addition of nico- 
timc add alone. Even with the nicotinic add it would also 
need fruits, v^tabl^, and milk in some form to increase 
its cxmtent of csddum, vitamins A and C, thiamin and 

C. A. 1939 vitamm-B ccmpkx in practical nutxitkffii, 

jr. Am. Asmc. IS , 6-12. 
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ril)ofla\’in, and to ivaprove the character of its protein 
mixture. 

In 1932, careful studies of food supplies and dietary 
practices in relation to the occurrence of pellagra were made 
with Florida families by Sandels and Grady, and with South 
Carolina families by Stieljeling and iMunsell. In both States 
it was found that the families successful in warding off 
pellagra used dietaries containing a much higher proportion 
of milk than did the families in which one or more cases of 
pellagra occurred. Sandels and Grady further found a sig- 
nificantly larger consumption of succulent vegetables, and 
indications of a larger use of ^gs, cheese, and fruit in 
the families which escaped pellagra. Stiebeling and Munsell 
reported results of relief distribution of certain foods to poor 
families in pellagra regions, with results which “afford a 
practical demonstration” that the addition of 2 to 4 ounces 
of dry skim milk, 1 pound of evaporated milk, 1 pints of 
canned tomatoes, or one-half pound of cured lean pork per 
person per day to the food supply “suffices to reduce greatly 
the incidence of pellagra among families which in times of 
str^ subsist on a ver>’ monotonous and one-sided diet con- 
taining \’er>' little milk, lean meat, fish, or eggs.” 

Combining the findings of the United States Department 
of -Agriculture and of the United States Public Health 
Service, it appears that any one of the following in the daily 
dietary^ is fully effective for the prevention of pellagra: a 
quart of milk or buttermilk; a pint of evaporated milk; one- 
thiid to one-half pound of dried skim milk, of lean, meat, 
of canned salmon, of peanut meal, or of wheat germ; or one 
pound of fresh or canned collards, kale, green peas, or 
turnip greens; or two to three pounds of tomatoes, fresh or 
canned or as tomato juice. 

The effects of liberal quantities of citrus fruit, already so 
abundantly produced in the South, and of such nuts as 
pecans and wninuts which could so readily be produced in 
laiger amounts, have apparently not yet been investigated. 

Pellagra-prevention campaigns in the South have empha- 
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sized the home production of v^etables and the keeping 
of cows and chickens. An effective combination of pellagra- 
prevention and nutrition education was found by the Red 
Cross in the plan of lending a cow to the poor country^ 
family until tetter health and resultant increased earnings 
made it possible for the family to buy one. 

Sebrell writes* (1939): ‘*The most important foods to add 
to the diet in (or for protection from) pellagra are milk, 
liver, lean meats, fish, eggs, tomatoes, green peas, and a 
variety of green and leafy vegetables, such as kale, mustard 
greens, turnip greens, and collards.” 

*'It is very" simple/’ he say"5 in the same connection, “to 
state the remedy for endemic pellagra in this country. Here 
we have a rural disease knowu to be due to nutritional 
deficiency, caused by the cultivation of a money crop 
instead of food and forage crops. The remedy is obvious: 
The rural South must produce its own food supply/’ 

For the large, low-income, majority of the rural people 
of the South this will mean the home-raising of vegetables 
and poultry and the keeping of a family cow. 

EXERCISES 

1. Arrange your “twelve to forty foods” in the order of their 
ribollavin content, (a) per 100 grams of edible portion, and (b) 
per lOO Calories. 

2. On the above showing, which of these foods would you con- 
sider of most practical importance as sources of riboflavin? 

3. Which of these foods are important sources: (o) of ribo- 
flavin and calcium; (b) of riboflavin and vitamin C; (c) of 
riboflavin and vitamin A? 

4. Taking account of the quantities in which they enter into 
well-balanced dietaries, (1) what familiar foods equal milk in 
im|x>rtance as sources of protein, calcium , and riboflavin ? (2) And 
which foods equal oranges in impK)rtance as purees of vitamin C 
and riboflavin? 

5 . Explain to what extent you have , in answering the preceding 
qu^tion, taken a<xx>unt of the potential as well as the present 
place of omng<^ in the food supply. What can you tell of the 
trend of dtrus fruit production and prices? 

W. H. 1939 J. Hme Ecan. 31 , 534. 
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6. Consult the meet recent and authoritative medical publica- 
tions available, as to whether the word pellagra now stands, (1) 
for nicotinic add deficiency" simply, with any accompanying 
riboflavin deficiency regarded merely as an accidental complica- 
tbn, or (2) for the full “disease entity*' or “complete clinical 
syndrome'* for which it has hitherto stocxl, in which while nico- 
tinic add a)etrois the more outstanding symptoms riboflavin is 
al^ a factor in the prevention and cure of the disease. 
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Chapter XIV . 


OTHER WATER-SOLUBLE VITAMINS 
Vitamin Be 

The chemical nature of vitamin Be was established early 
in 1939 and quickly verified by the chemical synthesis of 
the sulstance. References to the original evidence are includ- 
ed among the suggested readings listed at the end of this 
chapter. 

At about the same time, vitamin Be was reported by 
Spies and his ojworkers to be an essential factor in human 
nutrition. That shortages of vitamin Be actually occur in 
present-day human experience is indicated by Spies’ finding 
that pell^ra patients of a not unusual type, who had been 
cured of their outstanding symptoms by nicotinic acid, 
thiamin, and riboflavin, still suffered from vitamin Bs 
deficiency and r^ained health rapidly when pure vitamin 
Bs was given them. 

In some a^)ects, at least, of its functioning, vitamin Bs 
appears to be interrelated with the nutritionally essential 
iinsatiuuted fatty adds. King, in an excellent review of the 
e\idence av’ailable to the beginning of 1939, gives much 
weight to the work of Birch (1938) who conduded that 
both dtamin Bs and a fatty arid or fat-soluble factor axe 
cmc^roed in the "acrodynia-like” dermatitis of rats; and 
that this latte" factor is similar to the “fatty add factor” 
of Burr and Burr and to the fat-soluble antidermatitis factor 
of Hogmi and Richardson. Birdi further suggested that the 

S40 
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function of vitamin Bs may be connected with the utiliza- 
tion of the unsaturated fatty acids. 

Schneider, Ascham, Platz, and Steenbock (1939) have 
reported a long list of foods, some of them fats and some 
pa-sumably sources of vitamin Be, as being potent for the 
prevention of the acrodynia-like condition. Still more recent 
work at Wisconsin (Schneider et al., 1940) indicates that 
another, unidentified “B-vitamin” is involved along with 
vitamin Be in this type of skin disease. 

Pyridoxine has been suggested as the permanent name 
for the substance hitherto known as vitamin Bg. 

Pantothenic Acid, Factor W, and the Anti-grey Hair Factor 

Recent research has indicated that the rat requires at 
least one, and probably several, “B-vitamins’' in addition 
to these already discussed. 

Pantothenic acid, so named by its discoverer, R. J. 
Williams, as indicative of its wide occurrence and presum- 
ably fundamental function, is, at the time this book goes 
to press (March, 1940), regarded as probably one of these 
fau:tom. The recent report of a method for the synthesis of 
pantothenic add seems to promise an early crucial test of 
this possibility. 

Black, Frost, and Elvehjem (1940) find indications that 
another substance, designated as Factor W, is required by 
the rat for normal growth. This factor is evidently distinct 
from pantothenic add. 

Not yet clear is the relation to the above-mentioned of the 
£^ent which several groups of investigators have found to 
prevent the gre 5 dng of the hair of black rats. 

We have as yet no evidence as to the rdle of these factors 
in human nutrition. 

Vitamins B3, 64, ond B5 

The terms vitamin Bs and vitamin Bs, for factors “of the 
B-comidex” allegedly required by pigeons in addition to 
thiamin, were adopted prior to the recent research with other 
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species which has revealed the existence of so many nutri- 
tionally important “B-vitamins.” Since the pigeon of late 
has been less used than mammals in nutritional research 
along these lines, the possible relation of the hypothetical 
vitamins Bj and Bs to the other better-known water-soluble 
vitamins remains in doubt. 

Somewhat the same situation exists with vitamin B 4 , a 
factor postulated some years ago. Later, many other inves- 
tigators came to regard “Brdeficiency” as either a chronic 
thiamin deficiency or a multiple deficiency invoKung several 
B-factors. The Wisconsin group, however, in 1936 presented 
new e\idence of ^^tamin B 4 as a separate entity required for 
normal nutrition in the rat and in the chick; and a later paper 
(January 1939) from the same laboratory refers to a recently 
observed form of nutritional paralysis in rats as “quite 
probably the same as that observed in vitamin B 4 
deficiency.” 


Vitamin H 

The term “factor H” or ‘Sitamin H” has been used in at 
least three distinct ways. A nutritive essential for trout was 
designated as “factor H” in 1928 by McCay and associates. 
Later, Gyor^ used the term ‘Sdtamin H” for the hypo- 
thetical nutrient which prevents the so-called “egg white 
injury”; and Booher, for what now appears to have been 
the same ^bstance as \itamin Be. 

VifamiRS Li and 

Of the “lactaticHi factors,” Li and L 3 , our knowledge is 
iKjt aiffidently explicit to warrant discusaon in this book. 

Vitamin M 

Efeiy , Lan^ton and coworkers foimd that monkeys 
rMjuire, for the main tenance of a normal condition of thdr 
Uood, SQiiKthing that is contained in yeast and is different 
from any of tte farctcns hitherto reo^nized. What other 
q>ed^ need this vitamin M is not yet known. 
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Vitamin P (Cihrin) 

It has been thought by some investigators that the effect 
of citrus fruit consumption upon the permeability of the 
blood ve^ls involved more than could be explained in 
tenns of vitamin C alone; so the presence of an additional 
“permeability factor,” vitamin P, was postulated. The term 
citrin has also been used for preparations supposed to con- 
tain this factor. 

Some other investigators have expressed skepticism as to 
the existence of any such “vitamin P” as a dietary essential. 

At the time this is written (1940) both views are current 
in the literature, and the question must be regarded as open. 

“Gross Juice” Factor 

Work at the University of Wisconsin, confirmed by experi- 
ments conducted on quite a different plan at the University 
of California, indicates the presence in the fresh leaf juices 
of cabbage, lettuce, pasture grasses, and doubtless other 
plants, of a factor different from any of those hitherto recog- 
nized. It is still too early to judge (1940) how many species 
need (or respond favorably to) this factor characteristic of 
fresh succulent leaves. 


EXERCISE 

Making use of the library facilities available to you,* guided 
by Chemical Abstracts, Experiment Station Record, Nvtrition 
Abstracts and Reniems, and the abstract sections of the Journal of 
the American Medical Association, the Journal of the American 
Dietetic Association, and the Journal of Home Economics, study 
the literature subsequent to 1939 of such as seem worth while 
of the vitamins mentioned in the forgoing chapter, and of any 
sul^tano^ belonging to this cat^^ory which have come into suffi- 
cient prominence since this text was written. 

♦To IKB — It is mth. the inteiitioii c£ ti^ Exercise that 5?<m 

Ml^rair&ai to bcarow boc^ focan other Ehraries; but not that you 
of the this seaxch sdmtific literature 

txyrag to get the frcmi azK>ther person. 
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VITAMIN A AND ITS PRECURSORS 

General Relationships 

Vtiamin A itself is a colorless, fat-soluble substance found 
notably in milk, egg, and liver fats, and known to be essen- 
tial both to the growth process and to the maintenance of 
normal a)nditions in the body at all ^es. It has not been 
found in plants; but among the natural orange-yellow color- 
ing matters of green and yellow vegetable tissues there are 
at least four precursors of vitamin A, i.e., substances whidi 
giw rise to vitamin A in the animal body. These are named 
alpha-, beta-, and gamma-carotene, and cr 3 ^toxanthin. 

Structural formulas for vitamin A and for these four pre- 
cursore may be found, if desired, on pages 352 and 353 of 
the Fifth Edition of Sherman’s Chemistry of Food and 
Nutrition; but for our present purpose it will suffice to 
remember simply the existence of the precursors as a group. 
For ocHiv’enience they are often referred to as “the caro- 
tenes,” or even amply as “carotene.” 

Wliile there are methods of making in vitro determina- 
ticHJS of vitamin A and of “carotene” which serve certain 
spedal purposes, the only general basis of comparison 
betw'een foods of all kinds or of summing up the contribu- 
tions of foods of different kinds toward meeting the body’s 
nutritional need , is in terms of vitamin A values determined 
by feeding experiments in which the body of the test animal 
converts the precursors into the vitamin in the same way 
and with ^sentially the same efficiency as does our own. 

S46 
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It has been reported that vitamin A occurs in two forms 
(vitamins Ai and As), the one predominating in the liver 
oils of salt-water, and the other of fresh -water fish; but they 
seem to be \-er\' closely related and of essentially the same 
nuTridonal character auid potency, so W'e treat the two as 
one in everyday discussions of food and nutrition. 



FiG. 28. Hiotograi^s oi twin brothers showing effects ctf diff^ent amounts 
<rf vitamin A in the food. (See text.) {Courtesy of The Forsyth Foundation,) 


Vitamin A in Growth and Development 

A good general first-impre^on of the ^gnificance of the 
level of intake of vitamin A to growth and development is 
affonJed by the quantitatively parallel photographs of twin 
brothers shown in Fig. 28. At four weeks of age, which we 
take as representing the end of infancy in the rat, they 
'were of the same si^ and indistinguishable in their appear- 
ance, both being smooth-coated, bright-eyed, alert, and of 
normal development for their age. From that time they were 
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l\.j the .-ame diet except that one received butter and the 
other did not, though the latter had always as much as he 
wished to eat of a mixture of vitamin A deficient foods which 
were all perfectly good of their kinds. At the time they were 
photographed they had reached an age corresponding to 
about sewn years in a boy. The one which has had plenty 
of vitamin A has continued to make a normal growth and 
development, while the one whose food has been otherwise 
adequate but very' poor in vitamin A is stunted in growth 

and muscular development, is 
dim-eyed, and sadly lacking in 
alertness. Here the shortage of 
vitamin A had been so severe 
as to show its effects upon health 
as well as growth. 

In quantitatively controlled 
experiments wdth graded allow- 
ances of vitamin A* in an other- 
wise adequate and abundant 
diet, as in the experiments of 
Batchelder, the average growth 
data of which are summarized 
in Fig. 29, it may be clearly 
showm that even when there is 
no such severe shortage as to 
have any immediately visiMe 
effect upon health, the growth 
may still be limited by the level 
of vitamin A value of the 
dietary. In these experiments of 
Batdiekia', for example, the rats receiving the 8x emd Ifix 
leveb of vitamin A per day did not show any differences in 
(stenrible health though the ones receiving the more libraal 
allowance of vitamin A were making better growth. 

That siKdi differences as were here induced by plannpd 

•ladwatcd by nmltipJes cf i at the right-hand margin of Fig. 29. in lAich 

i> K »= eHed. 



Fig. 29. Batchelder'^s avauge 
grwtli (km from graded ailow- 
asc^ (d \itaiiiiii A. 
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feeding of experimental animals may also occur as results 
of inadvertent shortages in the dietaries of young people, 
and may affect mental as well as physical de\’elopment, is 
illustrated in the now classic work of Cony' Mann with 
English school boys. This was not planned in terms of 
vitamin A alone, but as the nutritional benefits conferred 
by adding milk to the diet were also in large measure realized 
from the addition of either butter or watercress instead, it 
appears that vitamin A w’-as a sufficiently potent factor to 
warrant consideration of his findings at this point. 

Mann’s work with these boys has outstanding significance 
because his improvements were effected in a dietary which 
at the start was already somewhat better than passable. 
It “had been chosen with every regard for the welfare of 
those who were to receive it” and “was medically adjudged 
to be adequate.” Yet the results of Mann’s controlled addi- 
tions of milk, or butter, or watercress (green vegetable) to 
the dietary was so to raise the general level of the boys’ 
health and vitality that they made better physical growth 
as shown by both weight and height, and better mental 
development as shown by a higher d^p’ee of alertness and 
scholastic ability and progress. The fact that this work was 
dcHie under conditions which permitted of excellent scien- 
tific control and was managed and interpreted by judicially 
minded physicians, adds great weight to the conclusion that 
mraital as wrell as physical growth and development, while 
already passably good at the beginning of the experiment 
and in the parallel control groups, was measurably improved 
by the addition of extra milk to the diet, and in only lesser 
degr^ by the addition of the extra vitamin A in the form 
of either butter or the green leaf v^etable. 

Other evidence obtained directly from human experience, 
first clinically and then by carefully controlled experimenta- 
tion, shows extremely important relations of the vitamin A 
value of the foexi supply tx) the functioning of the eye, — a. 
bxX effectiv'ely used by Hambidge to introduce his general 
summary, and by Booher and Calliscai in their chapter on 
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vitamin in the articles cited among Suggested Readings 
at the end of the chapter. 

The sequence of the present text is first to describe the 
demonstration and measurement of vitamin A values as in 
c»ntrolItd experiments with laboratory animals, then to 
summarize the effects of different levels of nutritional intake 
of this factor upon different organs of the body and upon 
the body and the life history as a whole, and finally to con- 
sider the quantitative aspect of the human requirement 
for xitamin A and the v'alues of different articles and t3q)es 
of food as sources. 

Demonstration and Measurement of Vitamin A Values 

litter of rats from three to four weeks old, and as 
uniform as possible in size and apparent health and vigor, 
affords a good starting point for the demonstration of the 
influence of differences in \dtamin A intake, and of the 
principle of the feeding method for the measurement of 
vitamin A values. 

WTien such rats are fed a diet well adapted to their needs 
in all other respects but devoid of vitamin A value, growth 
continues for a longer or shorter time according to the 
body-store of xfitamin .A possessed by the animal at the 
beginning of the experiment, which in turn depends chiefly 
(though perhaps not exclusively) upon the vitamin A value 
of the previous dietary of the rat, and of its mother. For the 
purpose of the present experiment it is expedient not to use 
animals from a family whose food supply is liberally fortified 
■ftith vitamin A; for in such case their bodily stores may last 
them so long as to inconvenience the experimenter by the 
intervention of a long time before the appearance of the 
effect of the vitamin-deficient experimental diet. The time 
thus required to up the surplus previously stored in the 
body is called the depletion i>eriod. 

When the body is sufficiently depleted of its surplus vita- 
min A, growth ceases and (with animals as young as here 
described! usually a loss of weight begins within a few days. 
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and at the same time careful examination may begin 

to reveal incipient abnormalities, or diminutions of positive 

health. 

Animals thus a)ntinued upon the vitamin A-free diet (the 
basal experimental diet alone) beyond the depletion period 
are sometimes spoken of as “negative controls.” In contrast, 
the “positive controls” are animals (otherwise strictly paral- 
lel, of course) continued on the same basal experimental diet 
as the test animals, but with a supplement of sufficiently high 
vitamin A value to permit them to make fully normal growth 
and development. Other animals of the group, separated at 
the end of the depletion period, may be fed different amounts 
of some material whose vitamin A value is known or is to 
be ascertained, and in the latter case the work must be so 
planned as to provide strictly parallel cases, in sufficient 
numbers, of animals fed the material under test and of 
those fed the “reference material” whose vitamin A value 
is quantitatively known. 

The International Unit (LU.) of vitamin A value is a 
value equal to that of 0,6 micrograni of pure beta-carotene. 
The standardized carotene is prepared by the Health Organ- 
ization of the League of Nations and is intended only for 
those haring official need for it. A “reference codliver oil” 
W'hose vitamin A value has been compared with the Inter- 
national standard carotene is obtainable from the United 
States Pharmacopeia Organization, 43rd Street and Wood- 
land Av^enue, Philadelphia. 

The United States Pharmacopeia (U.S.P.) Unit is so 
defined as to be identical with the International Unit. All 
of the numerical expressions of vitamin A value in this 
book are in terms of this unit. 

As may be seen from Fig. 29 there is (when sufficient 
numbers of cases at each lev^el are av^eraged) a fairly regular 
gradation of the weight curv^es according to the level of 
vitamin A fed; but the gain is, of course, not arithmetically 
proportional. The same data represented by this set of 
curv'es may be used to construct a “curv’e of response” 
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representing the relation between the different levels of 
feeding and the corresponding gains in weight during a 
feeding-period of any length that the experimenter may 
desirc. A test period of four weeks is now most generally 
chosen. (Coward’s boc»k, listed among Suggested Readings, 
discusses these points in detail.) 

At the uppi r !e\’els of vitamin-A allow'ance, as for instance 
at the Sx and !6.t levels of the experiments represented by 
Fig. 29, the animals (as in the similar work with thiamin 
described in Chapter XII) will probably appear equally 
healthy, with the difference in rate of growth and develop- 
ment as the only apparent result of the difference in vitamin 
.■\ intake. .\t the other extreme, the negative controls sooner 
or later show evident illness with loss of weight and strength 
and development of one or more of the lesions mentioned in 
suleequent paragraphs as results of vitamin-A deficiency. 

Nufritionai Effects of the Level of Vitamin A Value 
of the Food Consumed 

Rats of different colonies differ somewhat in the degree 
of shortage of vitamin A which must be im|X)sed in order 
to bring about risible illness. It is reported from some 
laboratories that in order to keep their rats api>arently 
healthy they must feed enough vitamin A to support a gain 
of body weight of about 5 grams a week; while the rats of 
the Columbia colony almost invariably remain healthy 
whai receiving eiough vitamin A to permit of a gain of 
S grams a week. 

the skeleton, the muscles, and the skin 

A higher level of vitamin A intake during growth induces 
the probability that at a given age the body will not caily 
be heavier but also more long and lithe, with better-formed 
bones and teeth, better muscular development and musde 
tone, and a superior condition of skin “like the fileelm psK 
of a well-ctmditimied farm animal,” as was said of the boys 
who had extra vitamin A in the experiments of Corry Mann, 
meaiticmed above. 
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Even after such losses of the living impression as are 
involved in its transfer, first to the photographic plate, then 
to the engraver’s block, and then to pafx^r, the reader may 
Ix" able to see ^mething of this difference between the twin 
brothers shown in Fig, 2S (earlier in this chapter). 

]^IcColIum considers a certain drymess of the skin as one 
of the earliest indications of a shortage of vitamin A. The 
observ'ations of MacKay upon babies of the London jx^or 
indicated that a mild shortage of vitamin A was retarding 
their growth and making their skin less wholesome and 
nsistant. This condition she was able to cure, by enriching 
the diet in vitamin A, before the development of any of the 
more drastic s>miptoms. 

THE eye: xerophthalmia AND NIGHTBLINDNESS 

In an experiment with laboratory animals such as was 
outlined above, xerophthalmia is usually the first notice- 
able characteristic symptom of the vTtamin A deficiency. In. 
work with cooperative human subjects a slight but detect- 
able degree of nightblindness (difficulty of adaptation of 
\Tsion to diminished light) is now regarded as the most deli- 
cate indication of an incipient deficiency of vitamin A. 

The former is a special case of the general tendency of 
shortage of vitamin A to affect the mucous membranes, 
ivliile the latter has to do with an independent function of 
\itainin A in the visual proc^. 

Xerophthalmia (keratomalacia, conjunctivitis) is a <x>n- 
dition of dry inflammation of the eye-lids and the outer 
surface of the eye which, soon after the dis(x>very of vita- 
min A, was observed by Osborne and IVIendel to be a fre- 
quent consequence of a diortage of this factor. The current 
explanation is that, under shortage of vitamin A, the cells 
of the lachrymal gland cease to pour out their normal 
seoetion. The external eye thus becomes dry, bactaia mul- 
tiply and am not washed away, the eyelids be(x>me congested 
aiKi sometime so swoUai, sticky, and scabby as to cicse 
the eye. In aKtreme ca^ the cornea may be attacked and 
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psntianeiit blindness may result. Mori ob^n-ed such an 
eye di^^ase among children of the Japanese poor and found 
that it could be cured df not too far advanced) by chicken 
livers, fish livers, or codliver oil. 

Excessive exportation of butter from Denmark during 
1914-1918 causal shortage of vitamin A in the food of the 
fK3orer|^ple with resulting high prevalence of xerophthalmia 
in Danish children as reported by Bloch and by BIeg\’ad. 

N'i^htbUndness (kemeralopia) , diminished ability to see 
clearly in a dim light, especially when the eye has recently 
been expc^ed to a bright one, is a defect of vision which 
has now been extensively investigated with results which 
show that vitamin A has a very’ fundamental role in the 
\'isiial process, especially in the regeneration in the retina of 
the dsual purple after its bleaching by bright light. 

IThe chemical and physical mechanisms involved and the 
place of vitamin \ in the process have been studied by 
several investigators including notably Hecht, Wald, and 
their respective coworkers. (To present this work in a fully 
explicit fashion would lead beyond the scope of this book. 
Refeien<xs to it are included among the suggested readings 
listed at the end of this chapter.) 

THE RESPIRATORY SYSTEM 

As Bessey and Wolbach (1938) explain, the characteristic 
histolc^cal changes of \dtaniin A deficiency, found in many 
epithelial stnictoes, consist of: (1) atrophy of some of the 
normal cuboidal surface cells of epithelium, (2) reparative 
proliferation of basal cells, and (3) differentiation of this 
mw material into a stratified keratiniring epithelium. Many 
of the visible patholc^cal features of the deficiency in man 
and animals, they explain, are the results of accumulation 
of keratinize epithelial c^lls in glands and their ducts and 
in other organs. This is true of xerophthalmia, which hf tR 
aJre^y been <x>nsidered. 

The distribution of such keratinizing metaplasia and the 
sequence of its development as between, for instance, the 
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eyes, the respiratoiy system, and the geoitourinary tract, 
tends to vary’ with species and perhaps also with the age 
at which the vitamin A deficiency is encountered. Bessey 
and Wolbach emphasize in 1938, as had Blackfan and Wol- 
bach in 1933, the danger of vdtamin A deficiency to the 
respiratoiy tract, and state that in the human infant the 
commonest and earliest appearance of epithelial metaplasia 
is in the trachea and the bronchi. Blegvad, following the 
histories of Danish infants who showed eye troubles due to 
\itamin A deficiency during 1914-1918, found that a large 
proportion of them ultimately died of respiratory disease, 

THE GENITO-URINARY TRACT 

Osborne and Mendel found that phosphatic calculi (‘'blad- 
der stones’’) developed in the urinary tracts of a large pro- 
portion of their vitamin-A deficient rats. The explanations 
offered have not been entirely harmonious. In a compre- 
hensi\’'e review Clausen concludes that the factors involved 
are not clearly defined. The hypothesis most consistent with 
known chemical and histological factors would seem to be 
that the precipitation of phosphate may be induced by a 
lcK:al infection which in turn is attributable to an abnormal- 
ity' of the epithelium resulting from the \itamin A deficiency^. 

Atrophy of the testes and disturbances of the female 
reproductive system due to the keratinizing metaplasia 
already di^ussed have been observ'ed in vitamin-A deficient 
human things as w'ell os in experimental animals. 

Storage of Vitamifi A in the Body 

Vitamin A can be storcxl in the body to a large extent, 
and with far-reaching results. 

As Bessey and Wolbach summarize it, most animals have 
a remarkable c:apadty for such storage, ‘illustrated by the 
fact that a rat may in a few^ day’-s store enough vitamin A to 
supply its nutritional needs for several months.'^ Usually 
over nine-tenths of the body’s store of vitamin A is found 
in the liver, the amount thus stored depending upon the 



E^HIIALS OF NUTRITION 


2 ^ 

nutritional background, — how large a surplus the faxi has 
supplied and for how long. Lung and kidney tissue have 
much less than li\'er, but still measurable amounts; and it 
has been found that ih^j level of \’itamin A feeding influences 
the axnount of vitamin A in the lung. Muscle contains so 
little as to be practically at the lower limit of measurability 
even when the level of nutritional intake of vitamin A is 
liberal. Adipc^ tissue may, however, contain a significant 
amount. 

Agreeing fully writh Bes^y and Wolbach that the rat is 
able to store vitamin A in the body in sufficient amounts to 
meet nutritional needs for a relatively long time, we would 
also emphasize the fact that the limit of the body’s capacity 
for stor^e of \itamin A is not quickly reached. Thus in 
one series of experiments* it was found that whether the 
opportunity for “^turation” W’as afforded by parallel addi- 
tions of L 2, or 4 per cent of codliver oil to an already- 
adtquate diet, or by feeding the diet fortified with 4 per 
cent of codliver oil for different lengths of time, in either 
case the body first stored rapidly from the surplus fed, but 
thereafter cx>nt!nued to add slowly to its store for as long a 
time as the experimental feeding teas continued (and in- 
creasingly with the level fed up to the highest fortification 
here tried) - 

By the end of infancy, different individuals of the same 
and racial stock or strain may have quite different 
bodily re^r\^s of vitamin A. Thus, in the experiments 
simnmized in Fig. 30, young rats of the same colony but 
whe^ family dietaries consisted of (1) one-sixth dried whole 
milk with five-sixths ground whole wheat (Diet 16) and 
(2) two-tMrds dried whole milk with one-third ground whole 
wheat {Diet 70), respectively, were transferred at the age 
of 2S days to the same vitamin- A-free diet. Thc^ from 
Diet 16 with its apprommately minimal-adequate vitamin A 
cmtoit had only sufficient body store to grow about 10 

H- C., asd I*. Camnacl: 1926 A. quantitaUve ^ody erf 

erf witsisgia A. Bktf . Ckxm. 68, 69-74. 
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grams and to survive an average of 34 da^^s, while thc^ 
from Diet 70, which contains three to four times as much 
vitamin A as dcx?s Diet 16, had enough txKly store at the 
same oge, to grow about 70 grams and survive an average 
of 65 days on the same vitamin- A-free diet. The difference 
in vitamin-A values between these two family dietaries is 
no greater than the differences which currently exist between 
many American families, and often even between families 
of the same icx:ality and same economic level, depending 
upon their different choices of food. 



Fig. 30. Curves illustrating the effects of differing bodily 
stor^ of vitamin A. (See text.) 

With older animals there is necessarily much le^ oppor- 
timity for growth to enter into the comparisons; but com- 
piarisons of rats taken at different ages from the same home 
dietary, which in this case hatd about twice the rainimal- 
adequate level of \ntamin A, drowed that the length of time 
they could survive upon a vitamin-xA-free diet continued to 
mcrease with their age up to adulthood. While this mode 
of iovestigatim is in itself perhaf^ le^ clear-cut and <x>n“ 
elusive than the one above describal, it is significant 3S 
evidence of yet another kind that the body continues for a 
relatively Icmg time to add to its r^^rves of vitamin A if the 
fcxdl cxMitains a surplus above immediate nutritional need. 

Lack of complete r^ization of the full e^t^t and rig- 
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aificance of this phenomenon of bcxiily storage has undoubt- 
edly sometimes Ix^en a cmse of misinterpretation of human 
experience and undue skepticism regarding the importance 
of the vitamin-A level in the human food supply. 

Considering the e\'idence now available on the quanti- 
tative rdle which body storage can play in the growth and 
health of the rat, and taking account of the relative lengths 
of life in the t^'o species, it appears that human subjects 
would have to be kept for years under strict observation in 
order fully to control the differing influence from their 
different nutritional backgrounds. 

Relofim to Frequency and Duration of Infection 

Summarizing his special study of the subject, Clausen 
pdnts out that the possibility of diet having influence upon 
the incidence, course, and final outcome of infection, is a 
comparatively recent idea, a development of twentieth- 
century science. In other words, only as the means of 
investigating infections came to take on the character of 
the exact sciences, and as the newer knowledge of nutrition 
arose, did it become experimentally possible to find, and 
scientifically reasonable to accept, objective evidences of 
relationshif^ which before, if postulated at all, had been 
regarded by physicians as merely the views of a few enthu- 
siasts. 

The w<rk of R^yntcm and Bradford (1931), full reference 
to wUdi the present r^er will find at the end of this 
chapter, showed clearly that animals fed on diets low in 
xitamin A had very low resistance to experimental inocula- 
tion with infective organisms, and that this loss of resistance 
in rats deprived of ritamin A appeared before any other 
eridenc^ of xitamin A deficiency. The fact that in this 
investigation rachitic rats diawed undiminished resistance 
to mf^rion is not nece^arily inconsistent with the \iew 
that children who have been protected from rickets are less 
aibject to resfiratory disease; for protection from rickete 
has m generally been accomplished by means of the fish 
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liver oils that the children thus protected have at the same 
time received impK)rtant additions to their bodily reserv^es 
of vitamin A. ^Nlellanby, in the very careful and extensive 
experiments which he made at the time that vitamins A 
and D w’ere just beginning to be differentiated from each 
other, obsen^ed that pups fed diets poor in vitamin A 
showed an undue liability to pneumonia. Rats of many 
different colonies and strains, observ^ed under conditions of 
laboratory" control, have been found by many investigators 
to suffer more from infections when kept on diets of low 
\dtamin A value. 

Discussions have not always distinguished between ind- 
d^ce, severity, and dumtion of infections. In one clinical 
investigation it w’as found that while extra \dtamin A given 
to normally nourished people shoived no certain effect upon 
the incidence or initial severity of “the common cold,’' it 
did measurably diminish the duration of infections of a 
given se\"erity. 

The w-ork of McClung and Winters (1932) also showed 
dearly under well-controlled conditions a greater suscepti- 
bility to infection in those indKiduals whose diet is deficient 
in dtamin A. 

Other (though not all) investigations indicate that, under 
conditions of everyday life, people receiving extra allowances 
of dtamin A have fewer days of disabling colds than in 
their predous experiences at the same season of year, or 
than in the parallel experience of people similarly plac^ in 
other resists but getting diets whose vitamin A value has 
received no spedal attention. 

Doubtless the next few years will see further darification 
of the questions ivhich here we can discuss only in rather 
tentative terms or bring to notice through the suggested 
readings list^ at the end of the chapter. 

^Meanwhile it se^xns safe to say that whether in a given 
case the benefit comi^ through diminished inddence, le^ 
ened ^verity, or shortened duration, them are doubtless 
many in vrhich one suffers less from infections who has 
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regularly had a lil>eral daily intake and a rich bodily re^rve 
of vitamin A, 


Reprodticfion and Lactation 

Mtamin A is quite as deiiiiitely es:^^ntial to reproduction 
as is the ^.callefl anti-sterility \'itamin (vitamin E). The 
latter reari\'ed this designation tecause it was not known 
to lx* particularly concerned with general nutritional func- 
tions and not Ix^caux* it is any more vitally concerned in 
reproduction than is vitamin A. 

For the support of successful reproduction and lactation, 
the diet must famish more vitamin A than is needed for 
cnt^n the most rapid growth. For instance, in the rat families 
studicri by Sherman and MacLeod (1925) a diet of relatively 
low vitamin A value supported growth surprisingly well but 
failed utterly when put to the further and more rigorous 
test of its adequacy to the successful launching of a second 
generation. On this low vitamin A diet the females (although 
not showing any outw^ard signs of Mtamin A deficiency) 
either bore no young or failed to rear any of the few that 
were bom, while in parallel families of the same hereditary 
tackground and with diets entirely similar except that they 
contained more milk-fat, reproduction and rearing of young 
proceeded normally. 

Fall-lile and Succe^ive-generotion Experiments 

The investigations mentioned in the preceding paragraph 
were extended by Batchelder in a series of full-life and 
sua^j^ve-generation experiments with rat families fed diets 
of systematically graded vitamin A content. Those at the 
minimal adequate level of \’itaniin A intake grew to nor mal 
size (though in the lower ranges of the normal zone) , were 
aicce^ful in bearing and rearing young, lived to an age 
within the normal range of longevity without showing any 
specific sign of vitamin A deficiency, and left vigorous 
offq>ririg. Chi a level of vitamin A intake twice as high, 
tbe performance in all these respects were again within the 
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normal range, but the average record was slightly higher 
with respect to every' one of the criteria just mentioned. 
Parallel animals on a level of vitamin A intake four-fold 
higher than that of minimal adequacy again made slightly 
better a\'erage records than those on the two-fold level. At 
a level eight- fold that of the minimal-adequate vitamin A 
requirement, the original animals show'ed no measurably 
different responses from those on the four-fold level; but the 
higher of these two levels seemed to confer a slight still 
further benefit upon the offspring. 

To what extent the levels of concentration in the body 
of vitamin (or of unchanged carotene, or both) vary 
with the levels of nutritional intake, and in what other ways, 
if any, the higher levels of \'itamin A or carotene intake 
act to improve the chemistry of the body’s tissues and fluids 
(the internal environment of the body) is still a research 
problem. 

Whatever form the fined explanation may take, the fact 
is shown by experiment for \'itaniin A, as for calcium and 
for ribofla\in , that the difference between the minimal ade- 
quate and the optimal intake is much wider than had been 
supposed, or than is probable for many other factom in 
nutrition. 

This means that the science of nutrition has greater con- 
structive potentialities than hitherto supposed. Also, it 
meanwhile complicates the problem of quantitative stand- 
ards of “requirement.” 

Humcin Requirem^ts for Vitamin A 

In view of the facts mentioned in the preceding para- 
graphs, the questimi. How much vitamin A value is required 
in human nutrition?, logically raises the further question, 
Required for what: for the maintenance of passable health 
with prevention of symptoms of deficiency, or for the sup- 
port of the highest d^pee of nutritional weUbang and posi- 
tive l^th that eadi individual is potentially aHe to 
attain? 
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This distinction being relati\Tly new, there are still many 
people, and perhaps even some influential ones, who regard 
it as more or less spi^culative. On the other hand, the reality 
of the difference is rtcognized as highly significant by tho^ 
who study the experimental evidence quantitatively. Thus 
it is gradually coming to be considered that the human 
requirement should mean not only what is needed for the 
pixwention of specific deficiency s>Tnptoms, but further, 
what is needed to permit a human population to realize 
fully the potentialities of its hereditaiy^ birthright. 

The League of Xations is cited as authority for the view 
that vitamin A requirements for the adult may be safely 
met mthin a range of 2000 to 4000 L U. per day; while 
Aykroyd and Krishnan,* as the result of special study, 
consider that the need for xitamin A (or carotene) is higher 
than pre\TOUsIy believed, and propose allowances of 3000 
to 50CX) 1. U. per child per day. 

Booher and coworkers** found the minimum requirements 
for the maintenance of the normal efficiency of the eye in 
the dark-adaptation test in five “ostensibly healthy' ' adults 
(three women aged 30 to 40; and two men aged 21 and 25 
years) to var\^ from 1750 to 3850 L U. per day when taken 
in the form of \itamin A itself, or 3010 to 7210 L U. per 
day when taken in the form of carotene dissolved in cotton- 
^ed oil. 

WTien side-by-ade experiments conducted in the light of 
re<ent knowledge show such a tvide apparent range in even 
the minimum requirement, and it is still a matter of varying 
judgment among nutritionists as to whether the “optimal" 
or “serially justifiable" allowance shall be two, three, or 
four times the minimum, it is obvious that attempts to 
state human requirements in precise quantitative form must, 
for the present, be either individual judgments or conven- 

♦Aykroyd, W. K., and B. G. Krishnan 1936 Indian J. Med, Research 23, 
74!-74S. 

Lf. E.f E. C. Callison, and E.M. Howston 1939 An 
cietermiiiatioii of tbe minimum vitamin A requirements of normal adults. J. Nuti- 
iim 17, 317-331. 



VITAMIN A AND ITS PRECURSC«S 


263 


tional compromises. Our o'wti opinion favors the higher 
allowances. 


Sources 

The carotenes (and possibly other precursors or provita- 
mins) formed in plants, and the ready-formed vitamin A 
contained in many materials of animal origin, together con- 
stitute the sources of the \'itainin A which function so 
importantly in our nutrition. One may, therefore, give much 
weight to the vitamin A values of foods in the planning of 
the dietary, or one may leave the responsibility very largely 
to the regular taking of fish-liver oils which are many-fold 
richer in \itamin A than is the food mixture of even the 
most carefully selected dietary. 

Probably the best plan is to give considerable weight to 
\itamin A values in the choice of foods or planning of food 
budgets, so that in satisfying our hunger we shall have 
ingested at least a minimal-adequate amount of vitamin A, 
and then for “insurance” or “good measure” or for the 
further promotion of positive health, take fish-liver oil also, 
at least during the winter months. 

The green leaf v^etables as a group and such yellow vege- 
tables as carrots and the highly colored varieties of sweet- 
potatoes are rich in carotene(s) and so are of high vitamin 
A value. 

Grasses and other forage plants which (in America and 
Europe, at least) are not clasafied as human foods, are also 
of high vitamin A value, and in milch cows and laying hens 
the human family has very efficient servants for bringing 
into forms excellendy adapted to our use (milk and eg^), 
the values of more fibrous leaves than we ourselves would 
care to eat. Muscles, however, take up extremely little vita- 
min A, even w^hen the animal is abundantly supplied; so 
muscle meats are always of low vitamin A value. Liver is, 
weight for weight, usually a much richer source, but vari- 
able, depending upon how the animal has been fed. 

The cereal grains, and therefore their mill products, and 
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bakery products (unless made with milk, butter, certain 
fortified margarines, or eggs) contain only insignificant 
amounts of vitamin A or of any of its precursors. This is 
also true of sweets and of most commercial fats and fatty 
oils. 

So far, it has been possible to speak in general terms 
which are valid for general types of food. There are, how- 


TuBifi 18. — ViTAJiiN A Values of Certain Foods 


International 

Fo<»> Units per 

100 Grams 

Fffods ijf A nim&i Origin, 

Muscle meats * 5—50 

Kidney (of cattle, sheep, and svdnt) 500-1000 

liver (of cattle, sheep, and s^ine) 5000-10,000 

Milk 160-225 

Butter 3500—5000 

Eggs lOOa-2000 

Egg white negligible 

Egg yolk 2500-5000 

Grain Fr&ducis 

Bariev. 71 

wWt. 20-25 

Wh^t bran. 138 

Wh^t teir n^ligible 

- n^ligible 

Fnt^ mmi Ve^mMes 

40-100 

.-^^lagos 300-700 

Mmms 160-100 

l^ns, Imtel 40-70 

^ans, snap or string 600-1^ 

(^rms 2200-4000 

Greens (Clmrd, E^ndelion, E^iamle, Kale, Lambs- 

qiiarta^. Mustard, Spinach, Turnip tops) 13,000-27,000 

Pms, yniing grmi 1000-1300 

Poi^. 30-50 

Sw^itpotato (varyii^ with ate) 1000-5(KX) 

... ... around 200,000 
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ever, other IockIs which are too variable to be accurately 
covered by these general statements. 

Thus not only is the vitamin A value enormously higher 
in carrots than in turnips; but also in deep-yellow than in 
pale-fleshed sweeipotatoes, in Hubbard squash than in pale- 
fleshed summer ^uash, in loose-leaf than in tightly headed 
lettuce, in the green growing tip than in the white stalk 
of asparagus, and so on in many other such cases. 

Table IS shows vitamin A values per 100 grams of the 
edible portions of typical foods. A corresponding table in 
which the data given are for l(X)-Calorie portions of fcKxl 
will be found on page 27 of Rose's Feeding the Family, Fourth 
Edition (1940). In the Appendix of that book, and also of 
this one, data for many additional foods will be found. 

EXERCISES 

1. Arrange your “twelve to forty foods’* in the order of, or in 
groups according to, their vitamin A valu^, (1) per 100 grams; 
(2j per 100 Calories. 

2. Divide a litter of rats between three and four weeks old 
into two groups as nearly equal as pc^ible in size and in the dis- 
tribution of the sexes. To one group feed a diet* adequate (to the 
needs of rats) in all respects, and with its vitamin A suppli^ 
solely in the form of butter or butter fat. To the other group feed 
a diet similar except for the substitution of lard or a cottonseed 
oil product for the butter or butter fat. Several weeks may elapse 
before the nutritional effects of this differen(^ in diets b^in to 
appear. 

3. If drcumstanoes permit, duplicate the preceding Exercise 
with a fmrallel experiment using a litter of rats wh<^ home diet 
has been distinctly richer or poorer in vitamin A value. 

4. Make “light adaptation” measurements with as many 
people as fK:^ible, and comi^re with their nutritional histories. 
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Chapter XVI 


RICKETS AND THE VITAMINS D 

Straight, sturdy bones and sound teeth are among the 
most readily apparent and appreciated rewards of good 
nutrition. In an earlier chapter we have discussed the 
importance of providing liberal amounts of the inorganic 
elements which give these structures their characteristic 
strength and ri^dity. Here we shall consider the role of a 
group of organic substances knoum as the vitamins D in 
assuring efficient utilization of the dietary calcium and 
phosphorus, in particular with regard to the development 
of normal bones and teeth. 

Growth of Normal Bone 

A detailed description of the physiological and histological 
processes of bone dev’elopment would be inappropriate to 
this text. However, the relation of nutrition to these struc- 
tures will become clearer if there is some understanding of 
the prindpal factors ccmcemed in the formation of normal 
bone. Let us therefore conader briefly the sequence of 
extents by which g^wth of a typical long bone is accom- 
pEshed. 

The main body or shaft of a long bone is known as the 
diaphysis. Separated fncwn the shaft in young, growing indi- 
viduals by a region of cartil^e, but later becoming a part 
of the long bone, is a smaller bone, known as the epiphysis 
«• head. Growth takes place by the continuous formation 
of new cartilage cdls along the epiphyaal margin. Normally, 
thee is samultanmus d^eneration of older cartilage odls 
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along the diaphysial border. The cavities so formed are 
invaded by blocnd vessels from the marrow of the shaft, 
earning inorganic elements which are deix> 5 ited as relatively 
in5c3luble salts fehiefly of calcium and phosphorus') in the 
mrtrix or intercellular substance of the degenerating carti- 
lage cells, forming what is known as the zone of provisional 
calcification. Accompanying the blood vessels are cells 
known as osteoblasts ^'bone-formers) which surround them- 
selves with socalled osteoid tissue, into the matrix of which 
inoiganic salts are laid down to form true bone. 

All of the factors determining the deEX>sition of bone salt 
are not understood. It is known that calcification cannot 
occur unless adequate supplies of calcium and phosphorus 
are available. But it is also clear that growing lx)ne must 
have some special property, not shared by body tissues in 
general, by yirtue of which precipitation of '‘bone salt'* from 
blood of normal calcium and phosphate content occurs in 
the bones but not in other tissues of the body. 

The Nature of Rickets 

Rickets is a condition, developing principally in infants 
and young children, in wrhich the mineral metabolism is 
disturbed in such a way that calcification of the growing 
bones does not take place normally. In the majority of cases 
the failure of the bones to calcify appears to be due, not to 
any initial fault of the bone itself , but to some deficiency 
in the blood: for rachitic bones placed in normal blood 
sanim usually b^in at once to calcify; and a subnormal 
cemoentration in the blood of either calcium or phosphorus 
(or both) is generally found a^ociated with rickets. How- 
ever, Dr. Alfred Hess, one of the foremc^t authoriti^ on 
tile disease, oteerved indications that the primary deficit in 
cerkiin cases of rickets concerned a hcai factor affecting the 
**anchorage’* of the available cakium and phosphate in the 
end of ihe growing bone. 

In licfcets, the proliferation of cartilage cells and even of 
ti^ue continue, giving rise to a wide Imnd of 
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epiphysial-diaphysial cartilage. Calcification, however, fails 
to CK:ciir, and con^uently no zone of provisional calcifica- 
tion is observ’ed. Since these proliferative tissues do not 
Ix^come properly hardened by the deposition of bone salts, 
the strain of bearing the bcxly weight causes enlargement 
of the ends of the tx)nes. This gives rise to the familiar 
enlarged joints and row of t^adlike swellings at the rib junc- 
tions commonly called the '^rachitic rosary,” which are 
among the prominent clinical signs of rickets. As the disease 
continues there may loss of already deposited mineral 
salts from the shaft, with consequent farther weakening of 
the bones. Knock-knees” or ^^bow-legs” commonly develop 
as the result of such w’eakness, and, for mechanical reasons, 
are apt to be especially severe in the heavy, otherwise well 
nourished infant and in the child w^ho begins to stand at an 
unusually early age. 

.Although rickets itself is seldom, if ever, fatal, it may, 
unless treated, result in permanent deformities, which, 
besides their sometimes tragic effects upon the appearance 
and happiness of the individual, are often responsible for 
gmve physical misfortunes. Thus, malformations of the 
peKds as the result of rickets in early life may persist into 
adulthood and cause injury at the time of childbirth to 
mother or child or both. In the opinion of Hess, these 
‘'constitute the foremost burden of rickets on the com- 
miunity.” There aie also indications of a heightened suscep- 
tibility to respiratory diseases in severe rickets. 

Discovery af file Antirachitic Factor 

It has already been pointed out that the immediate cause 
of most cBses of rickets appeam to lie in a subnormal con- 
i^ntiation of caldum ions or phosphate ions in the blood. 
Sofiietifiies this low concentration may be traced to an 
inadequate minerd content of the diet. But, since mild 
rickets ^metimes develops in infants fed almost exclusively 
on oiilk and thus liberally supplied with calcium and phos- 
phorus, it is evident that the explanation of such cas^ 
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must a>ught in some further factor or factors controlling 
the uiiUcatmn of these elements. This aspect, which has 
figured prominently in the history^ of both clinical and 
exfxmmental rickets, may now be considered. 

Many investigators had noticed the pre\’alence of rickets 
among children living in dark, crowded quartern, and the 
greater incidence of the disease in winter than in summer; 
and as early as 1822 a Polish physician, Jedrzej Sniadecki, 
dearly stated his belief that the exposure of the body to 
direct sunlight was of importance in toth the prevention 
and the cure of rickets (or English disease, as it was com- 
monly called in that day)."^ 

This \dew of the significance of sunlight did not receive 
general acceptance until years later. Many careful students 
of the problem felt rather that other hygienic factors were 
primarily at fault in the dark, unsanitary^ quarters where 
rickets was so prevalent. In 18W, however, Palm, an 
English physician who had practiced for some yearn in 
Japan, published the results of his correspondence with 
medical missionaries throughout the world to whom he had 
addressed queries regarding the occurrence or absence of 
rickets in their territory, the habits of the people, and the 
climatic and sanitary conditions. This remarkable survey 
revealed the complete at^nce of the disease in certain 
sections of the world where sunlight was abundant but 
where fcxxl and general hygienic conditions were extremely 
had; and 1^ Palm to the conclusion that the main etiolcgi- 
<^1 factor in rickets is a lack of sunlight. 

Alx)ut the time of the World War, f^iatricians discov- 
ered that besides direct sunlight, artificial sources of ultra- 
Yioht light such as the mercury’^-vapor quartz lamp, were 
effective for the cure of rickets in infants expend to them 
under suitable conditions. 

At just atout the same time, studies on experimental 
rickets m’^ere lending support to the theory that a dietary 

W. 1939 jQdxxej Snmd&cM (1768-1838) on the cure d rklets. 

143, 121. 
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factor was involved in the prevention and cure of this dis- 
ease. Dr. (now Sir) Eldward Mellanby obser\'ed the develop- 
ment of rachitic symptoms in puppies on a restricted diet, 
and showed that codliver oil was very' effective, whereas 
lard was entirely ineffective, in preventing these abnormali- 
ties of the bones, \ariou5 investigators in this country 
induced rickets in rats by feeding diets of severely imbal- 
anced mineral content, and showed that this experimental 
disease also could be largely' prevented or cured by codliv'er 
oil. It was soon made evident that the fat-soluble dietary 
factor or \'itamin here involved was different from that 
already reccgnized as related to grow'th and to the preven- 
ti(Hi of eye-symptoms; for, as shown by McCollum, even 
after this latter factor (vitamin A) had been destroyed by 
bubbling oxygen through hot codliver oil, the oil retained 
its antirachitic properties. The term “vitamin D” was, 
therefore, adopted for the antirachitic factor. 

The reconciliation of these two seemingly divergent views 
as to the rickets-preventing agent followed the discovery in 
1924, independently' by Hess and by Steenbock, that expo- 
sure of many food materials to ultraviolet light endows them 
with the nutritional properties attributed to vitamin D. To 
the aibstance originally present in the food which the ultra- 
violet raya “activate,” the name provitamin D was given. 
Further experimentation shotv'ed that it or a similar sub- 
stance otruis in the sebaceous secretion of the skin, and 
that when the skm is exposed to direct sunlight or other 
source of ultraviolet light this prodtamin D, just as that 
in food materials, is transformed into vitamin D, which is 
in turn absorbed through the skin and distributed through- 
out the body, where it functions in exactly the same way 
as if it had besi taken by mouth in fish liver oils or irradi- 
ated foods. Thus, the sunlight and the vitamin effects in 
rickets are hit different aqjects of the same phenomenon. 

The statistics of rickets in Chicago which are cited in 
Rose’s Feeding Ae Family, Fcwirth Edition (1940, F>age 170), 
illustrate the estmt to which this’ branch of the newer 







Fig. 31. Tlirec* pliutopaijlis of the ri^hl wrist tif iUv sanu* ^irl Tlii* first slum\s nrlivo ricki-ts witli murkfd ll.iriiu> of tlu* fi\d of 
llu* long lunic iiiid fringing where ealeificalion is n tankwl. The semnd sh..A\ s inereasi d ealeiiii’ali.ni as Ihr result of laidhvi r od and 
sunlight, d he third shows a normal density of ealeilieation anti a smooth einl of tlie h-ng hone when fnilher treatnieni had eiun- 
jueted die healiiiK. (Courfi^sy of Doctor Mitriha liliol.) 
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knowledge of nutrition has solved its problem, and also give 
reassurance as to the mildness of most of the rickets recently 
diagnosed. In the Chicago examinations of pre-school chil- 
dren during the years 1926 to 1932, from 21 to 16 per cent 
revealed evidence of rickets, but in 1933 only 13.7 per cent 
of the newly examined children show’ed signs of rickets, 
and in 1935 only 7.1 per cent showed any indications and 
only 0.03 of one per cent showed severe rickets. Thus the ind- 
dence of such rickets as is to be r^arded as really a disease 
in the usual sense of the word has been reduced to three 
cases per ten thousand children. Or, as the same data might 
also be expressed, if we wish to know how many children 
nowadays incur severe rickets the total “rickets incidence” 
of present-day diagnoses may be divided by 200 (0.03 in 
7.1). 

Figure 31 shows x-ray photographs of the wrist of the 
same g^^l: (a) with active rickets of a degree now classified 
as “severe” (though not of such deforming severity as was 
common a generation ago) ; (b) when the rickets was healing; 
and (c) when it was healed. 

Nature and Mulfiplidfy of the Vitamins D 

■ It is now well established that there are several vit ami ns 
D, two of which are important. 

The provitamins which are converted to vitamins D by 
the action of ultraviolet light belong to the grwip of sub- 
stances known as sterols, of which brief mention was made 
in Chapter II. Neither of the sterols occurring naturally in 
greatest abundance, cholesterol, found in animal fats, and 
sitosterol, in higher plants, is of significance as a precursor 
of vitamin D. But present in small amounts along with these 
are other, more highly reactive, sterols, notably 1-dehydro- 
choksterol^ in animal fats and ergosierol in both higher and 
lower plants, which are changed on exposure to light of suit- 

tbe salie d Mleaiti&sitlcHi d impcrtant a few 

iecfetoil dteakal are haesce m tfce toct, Tisey im^ be memoaiaEed. 
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able wave-length into potent antirachitic substances, desig- 
nated. respectively, as vitamin Da and vitamin Di (or 
calciferol). These two products appear to be the forms of 
% itamin D of greatest importance in antirachitic foods and 
medicines, but they are by no means the only chemical 
substances which have the calcification-promoting proper- 
ties ascribeti to “vitamin D.” Bills (1938) in a recent review 
(See Suggested Readings) lists ten sterol-derivatives possess- 
ing such properties in greater or lesser degree; and there is 
good reason to expect that further research will reveal still 
others. 

\'itamin Da (activated 7-dehydrocholesterol) is the most 
prominent form of antirachitic vitamin in fish liver oils, 
irradiated milk, and irradiated animal products generally, 
and is believed to be the D-vitamin developed in the skin 
on expx^re to ultraviolet light; whereas vitamin Dj (acti- 
vated ergceterol, caldferol) is the form widely used medici- 
nally in preparations such as “viosterol,” and is present also 
in irradiated yeast, and in the milk of cows fed irradiated 
yeast (sometimes called “metabolized” vitamin D milk to 
distinguish it from milks fortified with this factor in other 
ways). Eggs may contain predominantly either vitamin D* 
or vitamin Dj, depending on the feeding of the hen, but 
present trends in poultry husbandry are such as to increase 
the likelihood that vitamin Ds will be the chief form present. 

Chemically, vitamins D 2 and Di are very similar, as may 
be seen by comparing their structural formulae,* but inas- 
much as the study of nutrition affords many instances where 
a v'erv' slight modification in the chemical structure of a 
sutetance profoundly^ affects its behavior in the body, it is 
pertinent to inquire how these two important vitamins D 
(ompare in nutritional effectiveness. 

Investigation of the relative effectiveness of the two forms 
in man present great practical difficulties, which may 
suffice to expdain the frequently divergent findings of even 

’•See, fear tasasaife. ^rsaan, H. C. 1937 Ckeffds^ of Food and 

5th Eiiitica, Cliapter XXL 
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careful and exfxjrienced investigators. Thus, as Park points 
out, since such compari^ns must in the nature of the case 
!v made directly with infants, there are inevitable limita- 
tions ufX)n the numbers and uniformity of a\’ailable experi- 
mental subjects, and upon the accuracy of control of experi- 
mental conditions. 

Also such eminent pediatricians as Eliot, Jeans, and Park 
emphasize strongly the fact that the clinical signs of early 
or slight rickets are, as Park puts it, “notoriously de(^i\dng 
and cannot be relied on.” 

Thus the further therapeutic study of the different vita- 
mins D would lead beyond the scope of this work. 

Rather, our present task is to consider the interrelation- 
ships of the vitamin factor with the factors of sunshine and 
of calcium and phosphorus metabolism in the nutritional 
support of skeletal development, including the formation 
both of sturdy bones and sound teeth. 

Nutritionol Role of Vitamin D 

As already indicated, vitamin D (if for convenience we 
may continue to speak in the singular in dealing with this 
factor) came to be known and has been studied largely 
through its involvement in the rickets problem. 

Rickets (rachitis) is a medical term which does not always 
have exactly the same meaning in medical literature. Pa- 
tholc^sts have until recently tended to follow Schmorl in 
defining rickets in terms of the histolc^^ of the growing ends 
of the bones, while pediatricians have more largely followed 
Park in defining rickets as a condition of retardation (or 
suspension) of the normal calcification of the dev^eloping 
bone. 

It is the more chemical and more nutritional concept of 
Park (rather than the older, more histolc^cal cx>ncept) 
which is generally follow^ in present scientific literature, 
and will be followed here. 

As explained earlier in the chapter, the normal calcifica- 
tion (cBsification) of the developing bone is essentially a 
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building into the cartilaginous bone matrix of the crystalline 
bone mineral for which the chief ingredients are the calcium 
and the phosphate brought by the blood. 

When the normal calcification of the growing and devel- 
oping bone is retard €*<.1, an analysis of the blood quite regu- 
larly shows a subnormal concentration of calcium {calcium 
ion), or of phosphorus i phosphate), or both. It is logical 
to suppose that this subnormal supply of ingredients brought 
by the blood is in some sense a cause of the retardation of 
the calcificaticHi (ossification) process, although, as already 



FiCi. 32. Elfects d v&ry severe low-calcium rickets in contrast with normal 
twm ( Cmaiesy ^ Journal of Biolc^cal Chemistry.) 

there may also (or in some cases) be a more 
^iocal^’ and le^ well defined factor involved. 

This point of view reoc^iz^ both a low-calcium and a 
low-phcBphonis type of rickets. R^ults of extreme (experi- 
mental) c^ses of low-calcium rickets are shown in Figs. 
32 and 33. But only the low-phosphorus type shows the 
particular histology described in the classical work of 
&hmori; so s<me writers have designated only the low- 
phosphorus as true rickets. 

How the ^Imormal cx^ncentration of calcium or phc^phate 
km im tte blcKxi cx>m^ about is not always clear. Sucia a 
in tibe blood am sometimes but not always be attrib- 
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uti'd lo a corresponding shortage in the food. More often, 
pr<iba])!y. it is attributable to a shortage in the amount of 
calcium or of phosphorus absorljed from the digestive tract. 

\'itamin D , whether taken as such or formed in the skin by 
irradiation with light of certain wave lengths (in the ultra- 
violet i. tends to restore to the normal the calcium or the 
rh' -■ph"r.;s content of the blood, and the rate of calcifica- 
tion in the developing bone. This is the outstanding feature 
of the antirachitic effect or function. In just what ways the 
vitamin brings about the change in the blood-calcium or 



FiG. 33. Effects of \^ery severe low-caldum rickets in contrast with a 
Hanna! first cousin. Here with a dietary less drastically deficiaat, there 
appeared in the second generation the same skeletal diffra^nce as developed 
in tlie generation in the case shown in Fig . 32 . 

blood-phosphate concentration, and whether there is, as the 
late Dr. Alfred Hess postulated, an additional lcx:al effect 
upon the “anchorage’'* of the calcium and phc^phate ions in 
the developing bone, are still open questions. Doubtl^ the 
vitamin sometimes ax:ts to increase the net at^rption of cal- 
dnm or phmphoras or both from the intestine. In some cases 
the vitamin seems also to ^^mobilize” caldum or phcBphorus 
fcr the benefit of the developing ends of the bones even though 
this involve a diverdm of natrient material from some other 
ti^ie. 

That ^ many of the mild cases of dinical ridoets are of the 
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lo\v-phoiiphoru5 type is largely if not mainly attributable to 
the fact that during the age-range in which rickets is most 
cf 3minoE there is a rapid grouiih of muscle and thus the baby’s 
developing !x)nes and muscles are competing for the phos- 
phorus which the blood brings. To keep in mind the fact 
that a large prop 3 rtion of the cases of the condition which we 
call by a pathological name (rickets or rachitis) may with at 
least as much reason be riewed as a matter of the relative 
rates at which tw*o normal prcxresses are proceeding, may 
serv'e greatly to clarify one’s scientific view of the situation. 

Severe rickets, while not fatal, may be a disease of tragic 
consequences; but at the other end of the scale (confusingly 
still c^led by the same name) are the ^'clinical signs” which 
‘‘cannot be relied on” because in fact they are merely the 
signs that one physiological aspect of development is making 
slightly more rapid prcgre^ than another. 

Perhaps the most helpful view is that presented by Jeans 
and Steams in the 1938 meeting of the American Institute of 
Nutrition, namely, that children differ in the efficiency with 
which they assimilate the bone-building elements from their 
fcxxl, and that vitamin D in some way helps to improve the 
cases of low effidenc>^ 

These investigators also emphasize the fact that even at 
levels above that of rickets prevention additional vitamin D 
may improve the rate of growth and development. This h^ 
also been found in controlled experiments with laboratory 
animals (Sherman and Stiebeling, listed in Suggested Read- 
ings). 

Jeans and Steams, in discussing their finding that amounts 
of vitamin D over and above those required to prevent rickete 
may have a further beneficial effect upon the retention of cal- 
cium and the linear growrth of the bones, point out that this 
effect may not be noted in each individual but becomes evi- 
dent when large groups are observed. Thus, studies of cal- 
crium retention in infants given no additional vitamin D 
show^ed marked v'ariabiiity in calcium retention with a low 
av*erage. WTien amounts of vitaimn D up to that supposed 
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to be sufficient to prevent rickets were given, the number of 
low retentions decreased, raising the average retention of the 
group. A further and significantly greater increase in av'er- 
age retention was obtained (agmn by raising the lower limit 
of the retention range) w'hen two to three times as much vita- 
min D was given as is required to prevent rickets. Jeans and 
Steams found similarly in older children, past the age where 
rickets is apt to develop, that some showed efficient utiliza- 
tion and others poor utilization of the calcium of milk when 
no added vatamin D was given; and that supplying vitamin 
D tended to improve the calcium utilization by the latter 
group whereas it had little effect on the former. 

Measurement and Expression of Vifannin D Values 

In brief, the usual measurement of vitamin D values de- 
pends upon the experimental production of rickets in rats, 
through feeding a diet devoid of this factor and with a 
severely imbalanced mineral content. When the rachitic con- 
dition has dev^eloped, certain of the rats are given the ma- 
terial to be assayed while other exactly similar animals re- 
ceive doses of some standard source of vitamin D, both for a 
specified period of time and under rigidly controlled condi- 
tions. After this, both groups of animals are killed, a typical 

bcHie removed from each animal and sectioned, and the 
relative degree of healing determined by comparing the 
“line” or zone of provisional calcification brought about by the 
antirachitic factor administered during the curative period of 
the test. On the basis of this “line test,” the vitamin D po- 
tency' of the material assayed may be asse^ed in terms of the 
ritamin D potency of the standard reference source fed for 
OKnparison. In this country, the usual standard is the so- 
called U.S.P. Reference Cod Liver Oil distributed by the 
U.S. Pharmacopeia Oiganization (43rd Street and Woodland 
Avenue, Philadelphia); and when tests are made in strict 
aax>rdan(» with the Pharmacop>eia method a vitamin D value 
in terms of U.S.P. units is obtained. Another standard is a 
scduticm of irradiated ergosterol distributed by tlm Health 
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Organization of the League of Xations and designated as the 
International standard. The L".S.P. unit of vitamin D is de- 
fined as “equal in antirachitic potency for the rat to one In- 
ternational Unit of vitamin D as defined and adopted by the 
Conference of \ltamin Standards of the Permanent Com- 
mission on Biolc^ical Standardization of the League of Na- 
tions in June of 1931 For practical purposes, therefore, one 
U.S.P. unit of vitamin D is equivalent to one International 
unit. 


Sources 

Irradiatioii. — Herodotus wrote that sunshine is a potent 
factor in skeletal development; and an ancient Roman medi- 
cal aphoriOTi calls the Sun the greatest of physicians. But 
the importance of sunshine had to be rediscovered by Snia- 
decki in 1822 (as noted above) , and again by Huldschinsky 
in 1919. WTien in 1924 it was found that natural foods, and 
(soon after) that certain sterols specifically, can be rendered 
antirachitic by irradiation, there rapidly developed a high 
ent huaasm for irradiated foods, and for irradiated ei^osterol 
as a specific against rickets. But then (as explained early in 
this chapter) it turned out that the antirachitic substance 
produced by irradiation of ergosterol, or other plant sterol, 
is not the same as the natural \dtainin D produced by irradi- 
ation of our sldns or obtmned from such animal sources as 
fish oils, €^-yolks, and milk-fat. 

The fact that we do not get, as was supposed, the same 
^l^taiice by irradiation of ergosterol, or yeast, or cereal 
foods, as by irradiaticHi of our skins (or as we get from 
animal souiros) k^c^Iy leads to some shifting of emphasis 
from the artificial \dtamin Di to the natural vitamin Da, 
and from the irradiation of our foods to the irradiation of 
our bodies, — ^with direct suntiiine containing its natural 
proportiiHi of ultraviolet rays or with its carefully deter- 
miiied cquh^ent. Ordinary window gla;^ stops mc^t of the 
ultraviolet rays; but spatial gla^ which transmits them is 
now and is ms&i m the ccmstructioa of lamps which 
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yield an indoor equivalent of “June sunshine*' (ix., of the 
brightest natural sunshine, at ordinary altitudes, of our 
temperate zone) . 

The same rays which produce vitamin D in the skin also 
increase the circulation, thus bringing a fresh supply of the 
precursor into the skin-layers where the transformation is 
taking place, and carrying the new- formed vitamin D 
promptly away from any danger of over-irradiation and 
into the ser\dce of the body as a whole, and particularly of 
the bones and teeth. 

Fish oils . — Codliver oil is outstanding in that it has been 
used as a remedy for rickets since the middle ages and is 
still universally prominent as a nutritional source of vitamin 
D . Liver oils from fish of the order Percomorphi (of which 
the blue fin tuna is a prominent member) are much richer 
in vitamin D, one of them having a reported concentration 
four hundred times that of ordinary grade codliver oil. As 
they are also very rich in vitamin A, such oils, available 
commercially as Per comorph oil, are becoming widely used. 
There are many^ persons for whom the fact that doses of this 
oil are measured in drops while tho^ of codliver oil are 
measured in teaspoonfuls proves to be an irresistible advan- 
tage! Halibut liver oil, which is far richer in vitamin A than 
codliver oil, is only a few times more potent in vitamin D. 
For this mason, halibut liver oil to which viosterol has been 
added is frequently used where it is desired to give generous 
doses of both vitamins with a minimum volume of fishy- 
tasting oil. 

The flesh of fish which contain much body oil, such as 
^Imon, sardine, and herring, is a fairly rich source of the 
antirachitic vitamin, 

Eliot, Nelson, and coworkers (see Suggested Readings) 
have diown that an enormous potential source of \dtamin D 
exists in the fat of salmon livers together with that of such 
other edible material as is trimmed off in preparing the 
standard-sized sections of salmon for canning. This mixture 
of liver and body fat, called salmon oU, is found to be com- 
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parable with codliver oil in vitajnin A, and superior to cod- 
liver oil in vitamin D content. Thus the salmon canneries 
of the Pacific Coast will be able to furnish, as soon as con- 
sumers will take it, a ver\- large supply of an oil which 
appears to be at least as rich a \itamin-source as is codliver 
oil. 

Liver. — The liver appears to be a principal site of storage 
of vitamin D in the animals commonly slaughtered for food; 
and the consumption of calf, beef, lamb, and hog liver may 
thus be e-vpected to contribute to the body supply of this 
factor. However, the amounts of vitamin D in liv'er depend 
upon the dietary' and other management of the animal, and 
may vary' down to practically zero. 

Eggs. — Hess showed in 1923 that the yolk of one egg con- 
tained enough vitamin D to serve as a daily allowaince for 
the prevention of rickets in babies. The diet of the hens and 
the amount of ultraviolet light they receive both influence 
the vitamin D content of the eggs produced. In recent years 
the practical advantages of including fish liver oils or other 
sources of vitamin Dj in the diet of laying hens have been 
incrccisingly realized and the practice has unquestionably re- 
sulted in bringing to the market eggs of higher av'erage 
vitamin D value than those which proved such effective anti- 
rachitics in the work of Hess and of the Johns Hopkins 
pediatricians in 1923-24. 

Milk and Ite Products : * ‘Vitamin D Milk. ” — ^The evidence 
varies greatly as to the vitamin D content of the fat of milk 
produced by cows on ordinary rations. Vitamin D Milk is 
the term generally usmI to indicate milk which has been 
enriched in its vitamin D value. Three methods of producing 
such vitamin D milk are in regular operation: (1) mixing 
into the milk a purified concentrate of natural (animal) 
vitamin D; (2) irradiation of the milk; (3) feeding irradiated 
material (usually irradiated yeast) to the cow. 

The practice of enriching milk with vitamin D in one of 
these ways is r^arded with favor by most physicians and 
health commiCTonere, and has been given preferential en- 
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doisement by the Council on Foods of the American Medical 
Association in the following terms: ^'Of all the common foods 
available, milk is most suitable as a carrier of added vitamin 
D. Mtamin D is concerned with the utilization of calcium 
and phosphorus, of ^vhich milk is an excellent source. The 
Council has recently made the decision that for the present 
milk is the only common food which will be considered for 
acceptance when fortified with vitamin D.” 

Already “vitamin D milk’' is on regular daily delivery 
along with other fr^h milk in many localities; and also a 
considerable part of the canned and dried milk now offered 
in the retail market has been irradiated. 

An influential proportion of (though not all) pediatricians 
prefer animal vitamin D to viosterol, and also consider that 
\dtamin D is best assimilated when consumed dispersed in 
milk. 

Requiremenh 

It follows from what has been said above that no simple 
quantitative statement of the vitamin D requirement of 
human nutrition could represent any general consensus of 
opinion. The different forms of vitamin D in use may vary 
(and, if so, to an extent not yet definitely measured) in their 
efficacy in human nutrition, auid even the same chemical 
form may have different efficacy according to the medium 
in which it is taken. There are also differences of view as 
to the extent to which the amount required for optimal 
growth exceeds the amount required for the prevention of 
rickets; and it seems certain that under the same conditions 
some children need more than others. 

Experts in this field have suggested from 135 to 4(X) U.S.P. 
or International units per child per day when in the form of 
milk, and at least 600 units when the vitamin D is given in 
other forms. 

To those readers w^ho are interested in the question of 
human requirements for vitamin D the paper of Jeans and 
Steams, listed among the Suggested Readings below, is 
esf^ally recommended. 
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EXERCISES 

1. Induce rickets in rats by means of the Steenbock rickets- 
produciog diet described in the current United States Pharma- 

or that of Zucker and coworkers in the paper listed among 
the Suggested Readings below. Arrange, if possible, for x-ray 
photographs. Otherwise, begin the experiment w’hile the rats are 
small and ^ whether the rickets becomes obvious to naked-eye 
examination, either of the live rat or of its skeleton. 

2. Induce low'-calcium rickets by diets of low-calcium foods 
without provrision for vitamin D either as such or as light. Save 
the skeletons of such rachitic rats as a permanent exhibit . 

3. Examine the literature since 1939: (a) for further evidence 
as to the relative values of vitamins Ds and Ds for children; {b) 
for advances in knowledge of any of the other vitamins D. 

4. Compile and discuss current estimates of the vitamin D 
requirements of human nutrition. 
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OTHER FAT-SOLUBLE VITAMINS 
Vitamin E 

Although vitamin E is one of the longer-known vitamins, 
its existence having Ijeen recognized in the early 1920’s, it 
is still not possible to define clearly the role of this factor in 
human nutrition: and for this reason a brief treatment only 
of it is appropriate to this book. 

At least two chemically identified naturally occurring 
substances (know, respectively, as a-tocopherol and 
,3-tocopherol) as well as a number of related synthetic com- 
pounds possess the activity ascribed to vitamin E. 

The xitamins E are fat-soluble materials, found along 
with the fats ingrains, vegetables, meat, milk, and butter, 
and doubtless occurring ver\' vwdely among food materials 
of both plant and animal origin which have not been arti- 
ficially refined. WTieat germ oil is an especially rich source 
which is often used experimentally. A characteristic property 
of the \itamin is its rapid destruction when the fat with 
which it isai^ociated becomes rancid. In many natural foods, 
the \itamin E is protected against such destruction by its 
occurrence with socalled antioxidants, substances which 
delay or prevent the auto-o.xidation of fats and their result- 
ing rancidity. Toward heating and many other adverse 
influences, the vitamins E are among the most stable of the 
known vitamins. 

Deficiency of vitamin E in rats manifests itself charac- 
teristically by reproductive failure in both sexes. In the 



OTHER FAT-SOLUBLE VITAMINS 


287 


deficient female, oestrus, o\iilation, and impregnation of the 
ovem occur normally, but the fetus dies and is resorbed 
l^fore maturity is reached. Treatment with vitamin E 
restores the ability" of the female rat to bear normal young. 
In the male rat, on the other hand, deficiency of the vitamin 
may cause apparently irreparable degeneration of the ger- 
minal epithelium, with resulting complete sterility. The 
effects of a lack of vitamin E are not, however, limited to the 
reproductive behavior, nor to adult individuals. A relation 
to gro\\i:h and to the neivmus and endocrine systems has 
also been reported (see reviews by jMattill, by Evans, and by 
‘‘ ^IcCollum et aL, cited under Suggested Readings). 

Although there has been experimentation with other 
species, definite proof of the requirement for vitamin E 
seems to have been advanced only in the case of the rat 
and the mouse. However, there have been reports by veteri- 
narians of beneficial effects of wheat germ oil preparations 
on the reproductive performance of cattle and hogs; and 
experimental studies relating the vitamin E intake of hens 
to the hatchability of their eggs and the viability of the 
chicks that are hatched. On the other hand, there are indica- 
tions that not all species require vitamin E for normal repro- 
duction. Thus, Thomas and his associates produced several 
successive generations of goats on a ration containing in- 
sufficient vitamin E for reproduction in rats. In preliminary 
studies, these investigators also found that vitamin-E- 
deficient rations do not interfere with reproduction in sheep 
or rabbits. 

The relation of vitamin E to human nutrition is, as already 
indicated, still uncertain, and in any case vitamin E is so 
widely distributed among different ty^pes of food that there 
should little likelihood of its being a “limiting factor” in 
human teings. Consequently, it seems unnecessary and quite 
|x)ssibly misleading to lay emphasis on vitamin E in prac- 
tical a>nsiderations of food values. 
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**Vitamln F** 

The term ''Vitamin F’* has been used variously by differ- 
ent investigators, most recently to denote the nutritionally 
es^ntial unsaturated fatty acid (or acids) of which mention 
was made in Chapter 11. However, even this use has now 
l^n practically abandoned in scientific writings. 

Vitamin K 

\"arious investigators had observ^ed that chickens on re- 
stricted diets show a tendency^ to subcutaneous and intra- 
muscular hemorrhages associated with an abnormally slow 
rate of cmgulation of the blood. The cause of this condi- 
tion was shown in 1935 to lie in a dietary deficiency of a 
fat-^luble factor distinct from vitamins A, D, and E, for 
which the Danish investigators Dam and Schpnheyder pro- 
pc^ed the term vitamin K or '‘Koagulations-Vitamin.’’ 
The blood of deficient animals showing delayed clotting was 
found by the Danish workers to hav-e a lowered content of 
prothrombin but a normal concentration of the other blood 
cxjnstitueots known to be necessary to the clotting process.* 
The addition of vitamin K to such blood in vitro did not 
affect either the prothrombin content or the clotting time; 
but feeding vitamin K to the deficient animal promptly 
r^tored its blood to normal. 

From recent studies it appears that at least two forms of 
this vitamin (d^ignated resf^tively as vitamins Ki and Kt) 
ocxnr naturally; and that a number of simpler substances 
p<^se^ the antihemorrhagic properties of vitamin K in 
l^er d^ree. 

Although information regarding the quantitative distri- 
bution of this factor is still fragmentary, vitamin K app^xs 
to occur rather generally among a wide variety of food 
materials; and thus seems unlikely to prov^e of much signifi- 
rancse in practical mnsiderations of food values. 

^ickait wMttsg iie'^ew the cairrent thecjcies regarding the prooes® c€ 
® irfemBci to recent tectboaks ci ph 3 ^ology, or, for a folia' 
m W. H. 19S5 ThecM^ oi bkjod coagulatioa. Fkyswi^ Rm, 

IS. 435-4##. 
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Furthermore, it is not yet clear whether mammals in 
general must be supplied with vitamin K in their diet. The 
possibility has t^en suggested that they may derive vitamin 
K from bacterial synthesis in their intestinal tract. In either 
case, it appears that bile salts are necessary for, or greatly 
assist in, the absorption of vitamin K. For, it has been noted 
that when the flow of bile into the intestinal tract is prevent- 
ed experimentally, either by diverting the bile to the outside 
through a biliary fistula or by ligating the bile duct, rats 
and dogs develop a tendency to bleed and a. low blood pro- 
thrombin similar to the hemorrhagic condition induced in 
chicks by a vitamin-K-deficient diet. This condition may be 
relieved either by feeding bile salts (thus presumably ena- 
bling the animal to absorb more of the vitamin K in his food 
or intestinal contents) or by feeding massive doses of vita- 
min K (a fraction of which appears to be absorbed even in 
the absence of bile); but the most effective treatment is the 
combined feeding of vitamin K and bile salts. Such experi- 
mentally induced conditions are clearly outside the realm 
of normal nutrition; but are none the less of great interest 
in that a similar tendency to bleed and low prothrombin 
value has long been recognized in certain patients with 
diseases of the biliary tract. Now it has been found that this 
dinicaJ condition frequently responds to the same measures 
as proved most effective in experimental animals with 
fistulas or ligations of the bile duct, namely treatment with 
vitamin K and bile salts. 


EXERCISES 

1. Study the available literature, particularly that published 
rince 1939 when the foregoing text was written, upK>n one or more 
of the vitamins here mentioned, and others, if any, which may 
have been discovered since. 

2. On the basis of the study just suggest^!, write a supplement 
brin^g up to date the section dealing with the vitamin or vita- 
mins thus studied. 
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SOME RELATIONS OF FOOD 
TO THE TEETH 

Introduction to “the Tooth Problem” 

The formation of good teeth, and the maintenance of the 
health of the teeth and gums, present such special and such 
baffling problems that any attempt to treat this subject here 
wdll necessarily lack conclusiveness of scientific explanation. 

Yet while the teeth and adjoining tissues are quite unique 
structures they still are a part of the bodily structure, and 
like the rest of the body they are considerably influenced 
by the food. 

Some relations of food to good teeth are now sufficiently 
established to wairrant our attention, even though we have 
not yet a clear cx)nsen^us of opinion as to the precise explana- 
tion of all of the facts. 

Brrodly speaking, a tooth is made up of three main sec- 
tions: the enamel or outer covering, the dentine, and the pulp. 
In the perfect tooth, the enamel is hard, brittle, and semi- 
transparent, and presents a smooth, lustrous appearance. 
It is non-cellular and is built up of prisms united by a densely 
calcified intermediate substance. The enamel forms a com- 
paratively thin layer or cap over the dentine, which makes 
up the larg^t portion of the tooth. The dentine is a yellowish- 
white, translucent substance resembling bone, and consists 
of a non-cellular, homogeneous material traversed r^^larly 
by branched socalled dentinal tubes, which contain project- 
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ing outgrowths from the dentine-forming cells, together with 
nerves, some tissue fluid, and other organic matter. The 
innermost portion of the tooth, the pulp, is a soft tissue, 
composed largely of cells, blood vessels, and nerv’es. Its 
outer layer consists of odontoblasts, or dentine- forming cells; 
and in young, growing teeth there is always between the 
pulp and the (calcified) dentine a layer of uncalcified matrix, 
penetrated by fibers from the odontoblasts, which is the 
zone where further calcification is taking place. Normally, 
this zone is quite thin, but in an imperfectly calcified tooth, 
it may be wide and irregular and patches of uncalcified ma- 
terial known as “interglobular spaces” may remain as 
permanent defects in the resulting dentine. The imperfectly 
calcified tooth may also show defects of the enamel, varying 
from slight roughness to deep pits and grooves, and even 
in some cases to a complete absence of enamel over certain 
areas. 

The term hypoplasia is frequently applied to such condi- 
tions of poor structural development of the teeth, which are 
to be distinguished from dental caries, or actual decay and 
disintegration of teeth already formed. The making of this 
distincticHi, however, should not be taken to imply that 
these two tjpes of tooth trouble are entirely independent of 
each other, for even slight defects of structure may consti- 
tute a starting point for the development of caries. And com- 
plete perfection of tooth structure is not common, 

Marshall (1939) considers it a “confirmed clinical and lab- 
oratory observatico” that there is scarcely a tooth in man cr 
lower animal which does not present areas of incomplete 
fortnaticm. Haice much depends upon the “personal equa- 
tion” of the inv^tigator in all studies of the incidence (rf 
tooth defects; for some will call a tooth defective while 
others, equally expert but of more tolerant temperament, wiD 
it as ncHmal. 

Mardhall's view, following that of Fi^, is that cai^ 
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begins in a permeable crevnce or fault area which after erup- 
tion of the tooth becomes filled with the fluid and suspended 
materials present in the mouth, which from time to time in- 
clude food particles and bacteria. Among the latter are those 
whose products tend to corrode the tooth. If this corrosion 
is not too rapid, the slight irritation of underlying dentine 
which it causes may result in a sufficiently augmented calci- 
fication from within to erect an effective barrier against 
further invasion of the tooth by the caries. 

Although attempts have been made to study the incidence 
of hjpoplasia as such in human teeth in order to correlate 
this with what was knowm of the nutritional background, 
these efforts hav^e frequently been confused by the difficulty 
of recognizing hypoplasia in the presence of caries. In study- 
ing this aspect, therefore, frequent use has been made of the 
puppy as an experimental subject: for, as Blunt and Cowan 
point out, the dog (unlike the rat or the guineapig) resembles 
the human being in that he forms two sets of teeth, tem- 
poraiy and permanent, which in their growth and develop- 
ment are readily comparable to those of man. Also the 
puppy eats a mixed diet, similar to that of man, and he is, 
moreover, accustomed to living more or less indoors. Al- 
though hypoplasia resembling that of human teeth may be 
developed in dogs by dietary mistreatment, actual decay 
does not appear commonly in this species, and hence one 
may inv^tigate the former condition practically uncom- 
plicated by the latter. 

Mrs. May Mellanby has reported extensive investigations 
of the teeth from the puppies with which her husband was 
stud>Tng experimental rickets. She found that those teeth 
and parts of teeth that were formed before birth were in 
gmeral well calcified r^ardless of the diet of the mother; 
whereas those teeth or parts of teeth which did not calcify 
until after the young animal had become independent of 
his mother for food were normal or hypoplastic according 
as his diet was adequate ch: inadequate. 
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Seine of the Causes of Tooth Defects 

Because defects of structure are so closely connected with 
the caries problem, ^Marshall's classification, while offered 
in connection with his writings on caries, is broad enough for 
our present purpose. ''For conv^enience'’ he groups the causes 
alphatetically as follows: A, anatomical; B, bacteriological; 
C, chepiical; D, dietary’; E, endocrine; F, failure in mouth 
hygiene; H, heredity. And he holds (1939) that the relative 
im'portance of these seven groups of factors varies "'with age, 
endronmental vicissitudes, habits, health, and probably 
other, as yet undetermined, agents.’' 

AI^ it is to be remembered that these causes probably 
more often act two or more tc^ether than any one separately. 

In fact the “chemical” causes are presumably results of 
bacteriolc^ical or dietary causes, or of such failures in mouth- 
hygiene as the use of corrosive dentifrices. 

On the other hand, one may be bom with some tooth 
defect or su^eptibility to caries bacteria which cannot in 
any known way be connected with his heredity, and might 
therefore be classified as idiosyncratic or due to Chance 
(an alternative C for ^Marshall’s classification in case you 
consider "'chemical” as covered by other causes). 

Empirical Evidence thaf Food is a Factor 

Some years ago a group of diabetic children, who had long 
been receiving special care as to diet, were found to have 
imusiially good teeth. 

A large-scale trial with abundant controls was later made 
by feeding a p^ of the population of a large orphanage 
with a diet containing (as had that of the diabetic children) 
a more than average proportion of fruit and milk and a less 
than average proportion of sugar. This also led to a great 
deoease in the incidence of tooth defects among the children 
on the reformed diet as compared with the other children of 
like age in the same institution. Much additional evidence 
will te found in the Suggested Readings. 

It may perhaps of interest to add the following incident 
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which came to the knowledge of one of us while serving as a 
merat^r of the advisor^" committee to a comprehensive 
dental research. One aspect of this research w^as to be a fairly 
large-scale attempt to improve the teeth of children in insti- 
tutions, by certain nutritional enrichments of their dietary 
under conditions of experimental control, and with excep- 
tionally careful and expert examination of the teeth before 
and after the dietary tests. A certain institution with a 
child population of about 400 seemed when first briefly 
visited to be a promising place for such an experiment be- 
cause the physical circumstances permitted of good control, 
the management was scientifically-minded and cooperative, 
and the income of the institution was so meager that the 
proposed gift of ‘‘protective*’ foods for the nutritional experi- 
ment would have been extremely welcome. But the research 
dentist found in the first examination of these children’s 
teeth that there was so little room for improvement that this 
group of children would not do for his investigation after all! 
And his explanation was that the institution, while finan- 
cially in difficult circumstances, had for some years had a 
good dietitian so that the children had already had the 
benefit of the sort of diet he had intended to try, — and had 
only a fraction of the incidence of dental defects commonly 
found in American children of their age. 

In this case the dietitian had been guided, not by any 
special theory as to the tooth problem, but by the general 
principles of the newer knowledge of nutrition. This insti- 
tution population illustrated well the trend which Dr. Percy 
Howe expresses in the saying that, '^Generally, good health 
and good teeth go together.” 

Undoubtedly, as the guidance of the newer knowledge of 
nutrition comes to be accepted more and more widely and 
wholeheartedly, dental health will be improved along with 
the health of the txxiy as a whole. Yet we seem to meet 
enough people who^ dental health is below the level of their 
gaierail health, to constitute a scientifically valid indication 
that “there is something special about the teeth and gums.” 
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Does study of them indicate need of special emphasis on 
certain nutritional factors? Does it also (as some investiga- 
tors l>e!ieve) indicate that diet has other than strictly nutri- 
tional relations to the health of the teeth? 

Individual Nutritional Factors 

Calcium and phosphorus are such prominent ingredients 
of the chief tooth mineral that they must certainly be re- 
garded as among the major nutritional factors concerned in 
the building of good teeth. This must be emphasized; for 
the fact that these elements do not tell the whole story, and 
the further fact that, once built into the tooth structure, 
they are not very readily withdrawn by the circulation, 
have resulted in too great a tendency to ignore them in re- 
cent discussions of the tooth problem . For the construction 
of good teeth, the body needs, on the one hand, abundant 
supplies of calcium and phosphorus as building material; 
and, on the other hand, abundant supplies of at least three 
vitamins to regulate the processes involved in building these 
particular tissues. 

Vitamin A . — Bessey and Wolbach, in the 1939 vitamin 
sjTnpc«ium of the American Medical Association,* give 
prominent attention to the view that vitamin A is an impor- 
tant factor in the formation of the teeth; and conclude from 
their study of the evidence that, “In all probability,” vita- 
min A outranks all other vitamins in importance to the 
human being in the formation of good teeth. 

Eddy and Dalldorf (1937, p. 49) referring, on the basis 
of the work of Wolbach and Howe, to the effect of a shortage 
of vitamin A as “the most important dental effect of any of 
the deficiencies,” describe the result as an atrophy and 
metaplasia of the enamel organ in consequence of which 
there is deficient formation of enamel with a tendency to 

O, A., and S. B- Wollsacb. 1959 "Tlie Vitaimns,*' a s3?iiipo€3iiM 
airm^d inMler tii® ai^gacaes tbte Courtdi on Pharmacy and Chemistry tte 
CeiiBcil m Foods d Amsdcsm Medical A^odation, p. 4^. 
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exposure of the dentine and interference with a good forma- 
tion of the teeth. 

McCollum et al. (1939, pp. 603-606) consider that the 
enamel-forming cells (ameloblasts) are derived from the same 
embrj'onic tissue (ectoderm) from which gum epithelium 
has its origin, and although these cells are specialized for 
calcification they are, like epithelium in general, extremely 
sensitive to deficiency of vitamin A. [McCollum holds that 
in the case of deficiency of vitamin A the enamel-forming 
cells become abnormal in appearance and instead of forming 
an even plane or cun^ed surface they tend to buckle so that 
when the enamel is finished the surface presents an uneven 
contour ‘ ‘like a landscape of hills and valleys’ ’ ; and that these 
cells, when inadequately nourished with vitamin A, do not 
lay down enamel of normal density, but rather an incom- 
pletely calcified enamel with interstices. 

Vitamin C . — In the days wten severe scurvy was com- 
mon, it frequently resulted in loss of teeth, though available 
records do not make clear in how far this was due to an 
effect upon the tooth itself and in how far to the condition 
of the gums and jaw bones. 

In 1919, Zilva and Wells in England studied microscopic 
sections of the teeth of guineapigs subjected to shortage of 
vitamin C and came to the conclusion that the tooth is one 
of the first, if not the first, of the parts of the body to be 
affected by subnormal intake of this vitamin, and that 
profound changes may occur in the teeth even when the 
ordinary scorbutic symptoms are still so slight as to be al- 
most or quite unrecognizable. (There were at that time no 
meauis of measuring the level of concentration of vitamin C 
in the body.) The typical effect upon the teeth was described 
as a fibroid degeneration of the pulp with a replacement of 
the fine structural organization by amorphous material. 
They also found similar effects of vitamin C deficiency upon 
the teeth of monkeys. They therefore emphasized the view 
that subdinical conditions of shortage of vitamin C may be 
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more frequent than had been suspected and may reasonably 
be expected to injure the teeth. 

Degeneration of the pulp tissue as a result of shortage 
of xatamin C has also been reported by several other investi- 
gators. In 1920 Howe of the Forsj’th Dental Clinic and the 
Harv'ard Department of Pathology also found that scorbutic 
diets have a deleterious effect upon the teeth. He noted a 
marked decalcification and loosening of the teeth, with ab- 
sorption of the alveolar processes as in pyorrhea; and em- 
phasized the finding that if the condition was not too far 
advanced it could be cured by simple addition of orange juice 
to the diet. Others hav'e also emphasized the good effects 
of orange juice upon the health of the teeth and gums. 
Hojer’s very extensive studies, both experimental and clini- 
cal , seem to leave no doubt that even mild degrees of shortage 
of vitamin C are very important. 

Recently, Boyle, Bessey, and Wolbach (1937) of the 
Harv'ard Dental and Medical Schools, in carefully controlled 
experiments with individual vitamin deficiencies, find that 
shortage of vitamin C may bring about a condition which 
upon full pathological investigation appears to be identical 
with one of the well-recognized clinical forms of pyorrhea: 
pyorrhea of the systemic type. 

Particularly noteworthy is the further fact that these 
investigators then examined patients in the dental clinic 
and found definite correlation between this type of pyorrhea 
and a low concentration of vitamin C in the blood. 

McCollum points out that dentine is derived from the 
mesoblastic tissue; and holds that the odontoblasts, which 
form dentine, are extremely sensitive to deficiency of ascor- 
bic acid , so that if the tissues become depleted of this sub- 
stance while the teeth are in process of growth, defective 
dentine will result. 

Vitamin D . — ^The essential similarity between the various 
calcified structures of the body, and the demonstrated im- 
portance of vitamin D to the development of the bones, lead 
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naturally to the problem of the extent to which the teeth 
also are affected by this factor. 

It has long been accepted that rickets occasions a delay 
in deniiiion; and Hess has cited an investigation in his clinic 
which showed that even in cases of extremely mild rickets 
teething was retarded, for "whereas about one-half the 
number of normal babies developed a tooth between the 
sixth and the ninth month, only about one-fourth of the in- 
fants vdth mild rickets had a tooth at this age.” The erup- 
tion of subsequent teeth was likewise tardy. Clearly then 
the provision of -vitamin D in sufficient quantity to prevent 
all rachitic manifestations may be expected to hasten some- 
what the time of appearance of the baby’s teeth. 

Proceeding now to a consideration of -vitamin D in rela- 
tion to dental caries, two questions suggest themselves: 
(1) to what extent does hypoplasia (of which, as Mrs. 
Mellanby’s experiments showed, lack of vdtamin D is a 
prominent cause) predispose to caries; and (2) once the teeth 
have been formed (for better or worse), what protection, if 
any, against the inroads of tooth deca.y, may be hoped for 
from a liberal intake of -vitamin D? 

t^^th r^ard to the ffist question, it would seem logical 
to expect that, whatever the underlying cause of cmies, the 
damage, which involves essentially the solution of caJdum 
salts by agents reaching them from outside the tooth, will 
be more severe to the hypoplastic tooth in which the protec- 
tive coating of enamel may be less dense, or pitted and 
grooved (making mechanical removal of the destructive 
agent more difficult), or even totally lacking in spots; and 
in which the interglobular spac:es of the dentine facilitate 
further penetration by the disintegrative fluid. 

This reasoning is substantiated by the clinical ^perienc* 
that those teeth and portions of teeth which are in general 
most apt to be hypoplastic (perhaps because of the i>ericKi 
of life at which they are calcified) are likewise in general 
most liable to dental caries. Thus, for example, Dick found 
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in an investigation of the permanent teeth that, of the cases 
with carious teeth, the lower first molar was decayed in 80 
per cent and the upper first molar in 30 per cent. The fact 
that the lower first molars decay out of proportion to the 
others “is to be attributed rather to the main part of the 
enamel of the crown having been laid down in the first two 
years of life when rickety conditions are operative.” And 
May Mellanby, correlating structure with decay in individ- 
ual teeth, found that those which were normal or nearly 
normal in stmcture had carious cavities in only a little more 
than one-quarter of the cases, as compared with 85 per cent 
incidence of caries in distinctly hypoplastic teeth . 

On the other hand, it is well known also that many h3rpo- 
plastic teeth remain resistant to caries throughout life. 
Clearly, there are other factors to be considered in the prob- 
lem of caries besides the stmctural quality of the teeth. 

In the work of Boyd, Drain, and Steams it appeared 
that a change of diet in the general direction indicated by 
the newer knowdedge of nutrition reduced the rate of caries 
development in children, and that a further improvement 
was then effected by increaang the vitamin D intake by 600 
units per day. 

Favorable Effects of Certain Fruih and Vegetables 

The eating of fruit , particularly raw fruit such as apple, 
or taking orange or grapefruit juice, at the end of a meal or 
soon after, or at bedtime, is considered by some investiga- 
tors to induce “a bacteriostatic condition in the mouth.” 

jPredse explanation of this benefit is not yet entirely dear. 
It may be a combined effect of several factors no one of 
which aifficiently predominates over the others to be readily 
demonstrated in an outstandingly convindng way. 

In the case of such a soft-fibrous texture as that of a raw 
apple (or of celerj') the mechanical effects of moderate 
manage of the gums, and of leaving the surfaces of the teeth 
stmibbed free from food partides, are in themselves bene- 
ficaal. The “savory” property of such a raw food or of a 
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citrus fruit juice doubtless also means a physiological stimu- 
lation of the cells which pour their more or less bacteriostatic 
^cretions into the mouth. Again, some investigators have 
emphatsized the view that the mild acidity of a fruit or fruit 
Juice is helpful in keeping the tooth surfaces free from 
plaques and in affording a wholesome stimulation of the 
mucous membranes of the mouth, in contrast to the un- 
natural and drastic ''cleansers” of some tooth pastes, which 
may be injurious. 

Fruits and vegetables generally, and milk, cream, and 
ice cream tend to the ensurance of good intakes of calcium, 
phosphorus, vitamin A, and vitamin C; while eggs are a good 
source of phosphorus, vitamin A, and vitamin D. Hence 
liberal use of these foods may reasonably be expected to aid 
both the development and maintenance of sound tooth 
structure and a healthy condition of the gums. 

Drinking Water and Mottled Enamel 

The discovery by Smith, Lantz, and Smith (1931) of the 
cause of mottled enamel is of closely related interest to the 
influence of food upon teeth and also illustrates the im- 
portant fact that the methods of long-time feeding trials 
under strict laboratory control developed in recent nutrition 
research may also be uniquely useful in solving problems of 
the relation of our intake to our health which may be other 
than strictly nutritional. 

Upon careful investigation by Margaret Cammack Smith, 
chief of research in human nutrition, University of Arizona, 
the defect of human teeth known as mottled enamel was 
found to be due, not to a nutritional defiLciency, but to 
injury of the teeth by the fluorine of the local drinking water. 
Todhunter and Sparling reported in June 1937 that at that 
time 335 areas in 25 states, as well as localities in England , 
Italy, the Argentine, North Africa, China, and Japan, had 
cmfinned the importance of this finding for the prot^:tioa 
of the teeth of children bom and reaired in thc^ areas. 
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From the strictly nutritional vie\'VTfX)int, there are at least 
fi\’e factors im|K>itaiit to gcxxi teeth and gums: calcium, 
phosphorus, and vitamins A, C, and D. If much of the nutri- 
tional investigation of dental problems seems inconclusive, 
this is probably largely due to attempts to fasten upon the 
factor where in reality a combination of factors is involved. 
Approached more broadly the evidence is strong and fairly 
clear: such choice of food as the newer knowledge of nutri- 
tion teaches is unquestionably advantageous to the teeth. 

There is also strong evidence that nutrition is not the 
only way in which food affects the teeth. Bunting and others 
emphasize the view that sugar in the diet not only lowers 
the intake of mineral elements and vitamins (by displace- 
ment of natural foods in meeting the calorie requirement) 
but also it promotes the multiplication of such bacteria as 
aure specifically ted for the teeth. 

Hence high intakes of protective foods and a low consump- 
tion of sugar are both important. 

Drain and Boyd recommend that each child of 5 to 16 
years be given daily: 1 quart of milk; 1 egg or more; 1 serving 
of meat 5 &h, chicken, or liver; 2 vegetables, half-cup serving 
of each; 6 teaspoonfuls of butter; 1 teaspoonful of codliver 
oil. For younger children, they recommend foods of the same 
nature, in appropriately smaller quantities in some cases. 
Such other foods as bread, cereal, and potato they would 
allow as additions to satisfy appetite and bring the dietary 
up to the needed total energy value; but not to replace any 
of the items spxrcified above. 

The Dental Clinic is reported as finding that 

caries incidence decreased 79 per cent in that part of its 
child fx>puIation which followed a dietary of the sort just 
outline , while among children of the same age and locality 
on iinreformed diet it increased 13 per cent. 

Among the few conclusions which Marshall considers to be 
justified , by a critical examination of the extensive liteiuture 
of caries up to 1939, is that dietary supervision has reduced 
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the number of carious teeth, and that the application of the 
newer knowledge of nutrition during pregnancy and lactation 
is beneficial to both mother and child. 

Simmonds (1938) concluded from her study of the evi- 
dence regarding diet and dental caries, that the chief preven- 
ti\'e measure against the caries is to reduce the consumption 
of sugar and other sweets to a minimum, and that next in 
imfKDrtance is the cultivation of such habits in the choice of 
foods as shall ensure a regular nutritional intake of the 
e^ntial mineral elements and vitamins “in abundance.” 

EXERCISE 

After study of the available literature, including that later 
than the suggestions listed below, write a paper of about 1000 
words supplementary to the foregoing chapter. 
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Chapter XIX 


NUTRITIONAL CHARACTERISTICS OF THE 
CHIEF TYPES OF FOOD 

The purpose of this chapter is to review briefly the chief 
types of food 2 ts to the more significant nutritive values of 
each; and in conjunction with the following chapter to con- 
sider how a greater or lesser degree of prominence of a given 
food or group of foods may be expected to influence the nutri- 
tive value of the dietary as a whole. 

BreadstufiFs, Breakfast Cereals, and Other Grain Products 

Bread is still the staff of life in the sense that an over- 
whelming majority of the world’s people subsist more largely 
upon products of the cereal grains than upon any other one 
type of food. 

Per capita consumption of bread and flour in the United 
States has declined somewhat during the past generation, 
(1) through partial replacement by other foods, and (2) 
through the lowered per capita need of total food calories 
because of the use of labor-saving machinery both in industry 
and in agriculture. Yet the breadstuffs and other cereal 
products still supply us about one-third of the total calories 
we consume, while in Europe the proportion is somewhat 
larger, and in Asia much larger still, though in tropical Asia 
rice tends to predominate over wheat and bread as the most 
popular means of meeting the greater part of the energy 
requirement. 

Breadstuffs and other cereal products also contribute 
more largely than is generally realized to the protein supply. 
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This is shown, for example, in a series of 224 studies of 
presumably typical American families representing all parts 
of the country' including both urban and rural conditions, 
and with due representation of the different economic levels. 
Here, in round numbers, the grain products cost 18 per cent 
of the total expenditure for food and furnished 38 per cent 
of the total calories and 37 per cent of the total protein. 
They were also estimated to furnish 30 per cent of the total 
phc^phoms and 25 per cent of the total iron. Clearly our 
breadstuffs are economical sources not only of food calories, 
but of protein, phosphorus, and iron as well. On the other 
hand they fumi^ less than a proportionate share of calcium; 
and of mc^t, if not all, of the vitamins, this latter depending 
upon the milling process to which the grain is subjected. 
Even the Tvhole grain is negligible as a source of vitamin A 
and practically devoid of vitamin C unless sprouted. Of 
thiamin the whole grain contains a good proportion, and of 
other members of the "'vitamin-B group” the whole grains 
are doubtless significant sources though these factors have 
not yet (1940) been studied quantitatively to any such 
degree as has the thiamin oDntent. 

At pr^ent there is a general trend toward a wider and 
larger use of milk, and specially of skimmilk powder, in 
breadmaking. Addition of significant amounts of skimmilk 
solids obviously enriches the bread in its protein, calcium, 
and water-soluble vitamin values. According to Prouty and 
Cathcart (1939) a considerable proportion of the white bread 
now made in the United States contains enough of milk 
solids to give it a calcium content at least twice that of 
white bread as made previously. Another means of vitamin 
enrichmmt is propc^^ in the use of yeast of especially high 
vitamin content. At time of writing (1940) this suggestion 
is too i^^t for us to judge whether or not it will materially 
mcKlify the general nutritional character of the bread supply 
as a whole. There is also some discu^ion of the pc^ibility 
of adding thiamin (and perhaps also riboflavin) in pure form 
to white flour. Always, it is obviously open to the consumer 
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to demand a flour or a bread containing a larger proportion 
of the nutritional constituents of the wheat kernel, — either a 
product to which the wheat embryo has been returned or 
: better) an approximately whole-wheat product. Breakfast 
cereals made from essentially whole wheat are already 
widely popular. 

The breadstuffs and other grain products are popular both 
because, if well chosen, their nutritive value is important, 
and because their texture is favorable to the process of 
digestion. In their recent study of about 4,000 family food 
records representing eight major geographical regions of 
the United States, Stiebeling and Phipard (1939) found that, 
‘dn all regions and whatever the level of food expenditure, the 
largest share of the calories was derived from grain products.’* 

Milk 

Milk should be regarded as standing in a class by itself 
in its economy and efficiency as a means of making good the 
calcium and vitamin deficiencies of the cereals and in so 
supplementing their proteins and their general mineral con- 
tent as to make a better-balanced food mixture than can be 
made from any of the grain products themselves. 

It has been well said that, ^The dietary should be built 
around bread and milk.” 

The science of nutrition has been teaching this for at 
least thirty years, the findings of recent years adding more 
reasons than were formerly known, and thus justifying in- 
creased emphasis upon the desirability of giving to milk a 
still higher place in the average dietary and in the total food 
supply. 

Greater prominence of milk in the food supply of the 
individual, the family, or the nation means enrichment of the 
diet in its calcium content, and practically always in its 
riboflavin content and vitamin A value also. And these are 
the nutritional factors wffiich we know with most certainty to 
large areas of beneficial increase above the level of 
mere adequacy. Thus milk is the food most likely to be 
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effective in meeting the actual need of a deficient diet; and 
also when the diet is already adequate, milk is the food most 
likely to be effective in building to higher levels of positive 
health. 

Because, for Americans at least, the calcium intake de- 
pends chiefly (Fig. 34) upon the consumption of milk in some 
form (including cheese, cream, and ice cream) , and because 
calcium is probably more often deficient in the dietary than 
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Fig. 34. Tbe relation of milk: consumption to the caldum con- 
tent d the dietary. Here the 224 American dietaries previously 
mmtioGed were arranged in order of milk consumed and their 
caldiim ocmtents averaged in eight groups of 28 dietaries each. 


any other chonical element, and certainly falls below 
QpUmal amount in mc^ pr^ent-day dietaries, the explana- 
tioa of the importance of a liberal use of milk tends to be 
grvCT lai^iy in terms of calcium. That milk is a highly 
evdl'ved vehicle for meeting the calcium need in nutrition is 
fiirtha" illustrated by the fact that its other constituents are 
sudi as to enable it to ronvey c^dum with outstanding 
efficiCTcy, a quart of milk actually containing more caldum 
than do^ a quart of limewatar (saturated solutkai of caldum 
hydrmide). 
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But it must never be. supposed that the calcium tells the 
whole stor>\ For milk contains all the factors known to be 
needed in the nutrition of the mammalian species, and 
doubtless contains also any such essential factors as may be 
still awaiting discovery^ 

'Milk is the one article w^hose sole function in nature is to 
ser\'e as food, and the one food for which there is no fully 
satisfactory substitute. 

Mrs. Rose writes:* “No other food can so well serve as 
the foundation of an adequate diet, because no other rein- 
force (the diet) at so many points.” And again,** “Milk is 
particularly adapted to offset the total lack of minerals in 
fats and sugars, and the serious mineral deficiencies of white 
flour, hominy, polished rice, and other refined cereal products 
m wddely used in Americ:an dietaries.” 

The doubt as to whether milk is a natural food beyond 
the nursing period is completely resolved by even a moderate 
knowdedge of human evolution. By the use of the milks of 
other species in addition to breast milk it became possible 
for the human family to make use of what has been called 
“prolongation of infancy” but is better called “prolongation 
of the period of development and capacity to learn.” Milk is, 
for the human species, therefore, a natural and logical food 
for a learning period which we now aspire to extend through- 
out our entire lives! 

The milk of different species differs somewhat, and some 
methods of preserving milk may diminish its vitamin C 
and, perhaps in less degree, its thiamin content; but all 
the recognized- or commercial forms of milk resemble each 
other much more closely than does any other food approach 
milk in nutritional characteristics. 

In addition to the outstandingly efficacious aminoacdd 
make-up of its natural mixture of casein and lactalbumin, 
milk also has other nutritional characteristics which in the 
Icrag CDur^ of mammalian evolution have become fixed, — 

*F(nmdeUons <f Nutrition, 3rd Ed., p. 3^ 

p. 
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doubtless l>ecau^of their ''survival value” in the promotion 
of growth and development, health and efficiency. 

Its uniquely rich content of highly dispersed and thus 
readily assimilable calcium has already been noted. This 
makes it the most advantageous food source of calcium for 
the high calcium needs of the body which are fairly obvious 
during the |X?riod of the growth and development of the 
skeletal system (including bones and teeth); and, while le^ 
generally recc^ized, are important also to adult vitality 
and “the pr^n'ation of the characteristics of youth.” 
Phosphorus also is contained in milk in exceptionally assimi- 
lable forms and in an amount w^hich makes milk an important 
source of phosphorus of good calcium : phosphorus ratio. 
Most of the other mineral elements are contained in milk in 
proportions conr^ponding closely with the needs of human 
nutrition; in other words milk has among its nutritional 
characteristics a uniquely well balanced mineral content. 
The only important exceptions (so far as known) are iron 
and copper which nature conveys from mother to young 
more largely before birth and less largely through the mam- 
mary glands. That is, the iron and copper contents of milk 
are lo\\\ but correspondingly the baby is bom with a reserv’-e 
store of iron auid capper in the body, largely in the liver. 

Also, as w’as emphasized by the late Dr. Mendel, milk 
contains all the known vitamins, and while not all of them 
are pr^nt in milk in as high a proportion as we want them, 
it is proteible that milk contains a larger number of the 
wtamins in reasonably well-balanced proportions than do^ 
,iny other cme food. 

Our infcHTiiation is not yet complete as to which of the 
nutritionally important constituents of milk are present in 
proportions (concentrations) well stabilized by nature, as 
are the proteins and calcium and phosphorus; and whidi 
fluctuate more with the level of intake of the lactating mother 
or the milch-animal, as do the vitamin C and vitamin D 
contents of milk. Steenboci and coworkers concluded from 
their experiments with thiamin that, in r^pect to fihfe 
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particular vitamin, the upper but not the lower limit of con- 
centration in milk is “under physiological control.’' This 
means that when the cow’s ration is enriched in thiamin, the 
thiamin content of the milk does not rise above normal 
levels; but when the ration is Impoverished, the thiamin 
content of the milk may become sub-normal. 

While sub-normal levels of vitamins A, B (Bi), and C in 
milk have all been produced experimentally, the rations 
used to induce them are such as are known, if long used, to 
diminish the productivity of the cow, so that dairy farmers 
have no desire to use them. Hence in practice few cows are 
so fed, and those that are do not yield enough milk to have 
much influence on the quality of the market supply. The 
modem farmer feeds his milch-cows vitamin-rich rations the 
year round. Thus milks of sub-normal vitamin A, B, or C 
value are less common in the market, and commercial winter 
milk is more like summer milk, than the scientific literature 
might lead one to expect. 

Physical properties of milk have also some nutritional 
significance: only two of these need be mentioned here. The 
fact that the fat is present in an emulsified form makes it 
more readily assimilable than are most other food fats except 
those of eggs. The fact that milk coagulates in the stomach 
is, on the vrhole, distinctly advantageous to the digestive 
process, especially when the milk is sipped in the course of 
the eating of solid foods. But for some (not all) infants and 
invalids, there may be a slight advantage in the use of milk 
which forms curds of a more flocculent land. Such “soft curd 
milk” is now produced commercially in two ways: (1) by 
selecting cows whose milk naturally forms curds somewhat 
**softeri' than the average, and marketing the milk of such 
cows unmixed with that of others; or (2) by treating ordinary 
market milk with an artificial proce^ which “softens” its 
airdlmg property, largely by removdng a significant part 
of its calcium. It is the resix)nsibility of the phyrician to 
dedde in the individual case whether an infant or an invalid 
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will gain any such advantage from the softening of the curd 
as to compensate for a reduction of the calcium intake. 

Meats and Fish 

In view of the high dietar\' place given to meat by most 
people who can afford it, one who seeks thoroughly to assess 
the basis and wisdom of the traditional and economic place 
o” meat in American and European food supplies cannot but 
strongly imprest by the lack of comprehensive studies 
carried out by the newer methods of nutritional research. 
Several papers have been published in which present-day 
methods have teen applied to the answering of particular 
questions, but we have seen no record of any study of the 
nutritional place of meat in the diet at all comparable in 
coniprehen5i\'enes5 and con\’incingness with the investiga- 
tions which have teen made upon milk. 

In the average of the above-mentioned 224 dietary studies 
representing all parts of the United States and various 
economic levels, meats (including fowl, fish, and shellfish) 
represented 32 f^r cent of the expenditure for food, and fur- 
nished 19 per cent of the calories, 35 per cent of the protein, 
26 |>er cent of phosphorus, less than 4 per cent of the calcium, 
and 30 per cent of the iron. 

Aleats var\^ greatly in fatness, but are rich in protein or 

fat or teth. 

The proteins of meat are somewhat similar to those of 
milk in their amino-acid make-up, and therefore in the 
efficiency’’ with which they supplement the proteins of bread 
and cereals. 

The leaner meats are also relatively good sources of ribo- 
fla\in and nicotinic acid, while in thiamin beef is relatively 
pcor and fK>rk is relatively rich. 

On the other hand, meats contain relatively little of 
dum, of vitamin A, or of vitamin C, so that in these respects 
they do not serv’e (as does a combination of milk and fruit) 
to make good the nutritional shortcomings of the breadstuffs 
and cer^s. 
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Meat is a gcxxi source of phosphorus. 

As to the relative availability of meat iron, the evidence is 
still conflicting. 

AH these general statements about meats refer chiefly to 
the muscle meats, since the glandular organs can, in the 
nature of the case, constitute but a small fraction of the 
general meat supply. 

Eggs 

We do not know the origin of the folk-lore verse to which 
Hutchison gave currency, characterizing eggs as: 

Treasure houses wherein lie, 

Locked by Nature’s alchemy, 

Flesh, and blood, and brain, and bone. 

As rich sources of nutrients of which we do not always get 
enough, eggs 'well deserv^e inclusion among the '^protective” 
foods. But they do not (like fruits, vegetables, and milk) 
tend to safeguard the hygiene of the intestine and the reserve 
^ alkalinity of the blood and tissues; and for these and other 
reasons students of nutrition tend to keep the egg in its 
place while giving a growing place to fruits, vegetables, and 
milk in the dietary. 

Much of value might be learned from full-life, successive- 
generation experiments with dietaries containing different 
liberal allowances of ^gs, fed to laboratory animals whose 
nutritional chemistry (in respect to the factors of which eg^s 
are important sources) is similar to our own. 

In some respects eggs may be regarded as standing mid- 
way between meat and milk in nutritional characteristics. 
Like meats, they have been considerably studied as to par- 
ticular points; but still need more comprehensive investiga- 
tion by feeding at different levels throughout entire life cycles 
of successive generations. 

Both the recent food consumption studies by Stiebeling 
and Phipard (1939) and the earlier series of dietary studies 
already mentioned show that e^s occupy strikingly differ- 
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ent degrees of prominence in the dietary according to eco- 
nomic conditions. 

Egg-protein resembles milk-protein in nutritional effi- 
ciency. and the egg is also a good source of phosphorus and 
of vitamins and B, but practically negligible as a source of 
vitamin C. As a source of calcium eggs rank below milk and 
the green vegetables but above the meats, sweets, and 
bakery' products. 

Fruits and Vegetables 

Fruits and vegetables vary greatly among themselves in 
their calorie and protein values; yet for some purposes it 
may be convenient to think of them as a group. There is no 
clear-cut line of subdivision between them and as a whole 
the fruits and v^etables are chiefly significant in the dietary 
as sources of mineral elements and vitamins. The relative 
richness in \'itamin C of some of the fruits and vegetables, — 
conspicuously’ oranges, grapefruit, and tomatoes, — and the 
importance which we now attach to liberal dietary supplies 
of this vitamin, mean that fresh fruits and succulent vege- 
tables generally (and citrus fruits particularly) have been 
rapidly’ and properly’ promoted from the status of an oc- 
casional luxury to that of a good daily investment in nutri- 
ticHial values. 

Thus in the 224 dietaries above mentioned, less than 16 
per cent of the total food expenditure was for fruits and 
vegetables; in return for w’hich they furnished 12 per cent 
of the calories, 10.3 per cent of the protein, 17.4 per cent of 
the pht^horus, 18 per cent of the calcium, and 30 per cent 
of the ircm. In that series vitamin values were not computed 
but the importance of the fruits and vegetables in this re- 
spect is indicated by the following. Stiebeling and Phipand 
(1939, page 86) show that in 26 East North Central families 
spending $1.88 to $2.49 weekly per capita for food in 1935, 
frails and vegetable represented 19.9 per cent of the total 
food cost and furnished 14.1 per cent of the calories, 12.2 
per celt of the protein, 15.7 per cent of the calcium, 20.0 pe 
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cent of the phosphorus, 32.4 per cent of the iron, 57.7 per 
cent of the vitamin A value, 39.5 per cent of the thiamin, 
91.6 percent of the vitamin C (ascorbic acid), and 20.7 
per cent of the riboflavin. 

Even though the fruits and vegetables var>" widely among 
them^lves, it is a safe conclusion that in general the higher 
the proportion of fruits and vegetables in the dietar^-^ the 
tetter will be its mineral content and vitamin v^alue. The 
relative importance of the different types of fruits and 
vegetables as sources of individual mineral elements and 
vitamins has teen sufficiently discussed in preceding chapters 
so that it need not be dwelt upon here. 

Fruits, Vegefables, and Milk 
(fhe latter including cheese and ice cream) 

WTien fruits, vegetables, and milk (including cheese and 
ice cream) are grouped together, the data for the 26 families 
reported, as above explained, by Stiebeling and Phipard 
become as follows: 

These foods represent 32.0 per cent of the food cost; and 
furnish 24.1 per cent of the calories, 29.6 per cent of the pro- 
tein, 79.7 f^r cent of the calcium, 48.5 per cent of the phos- 
phorus, 39.0 per cent of the iron, 70.8 per cent of the vitamin 
A value, 53.1 per cent of the thiamin, 96.9 per cent of the 
ascorbic acid (\dtamin C) , and 56.1 per cent of the riboflavin. 

It is evident that the practical way to reap the individual, 
family, and community benefit of the newer knowledge of 
nutrition is to see that fruits, vegetables, and milk have a 
high place in the dietary or food supply. 

Nuts 

Nuts are perhaps deserving of a more serious place in the 
diet than we have yet learned to give them. They are rich 
in protein of good nutritive value, and in thiamin. 

Peanut butter spread on white br^d tends to restore the 
protein, vitamin, and some of the mineral values of the vrhole 
wheat grain which are rejected in the milling proce^. 
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The peanut, of course, is a legume comparable with peas, 
l^ans» and lentils. Zdost other nuts f/^rear' nuts as some 
fanciers say) are botanically fruits and agriculturally tree 
crops. The culture of nut trees and the consumption of nuts 
might well be increa^d. 

Fafs (including Fatty Oils) 

The problem of the proper place of commercial fats in the 
food supply pre^nts several complications. 

For one thing, the demand for fat is (quantitatively speak- 
ing) largely a matter of national habit. During 1914-1918 
when a concerted effort was being made to ensure adequate 
food supplies to all the Allied peoples, it was found that a 
much higher per capita supply of fat was needed for effi- 
ciency' and morale in the Occidental than in the Oriental 
countri^. For the civilians as well as the soldiers of the 
European peoples, it was deemed important to provide at 
least 70 grams of fat per capita per day, while the Oriental 
peoples felt no need of so much . 

People of the Western World want liberal use of fats in 
cookery' to give their fcxxis the flavors, and perhaps even 
more particularly the textures, to which they have accus- 
tomed themselv^; and also "'fat sticks to the ribs” in the 
sen^ that a meal of a given calorie value does not so quickly 
leave the stomach if a liberal percentage of its calories is 
in the form of fat. And so, of course, the longer each meal 
stays in the stomach, the less likely is it that the muscular 
signals from an empty stomach ('"the pangs of hunger”) will 
be felt before the next meal. The problem of specifically 
e^ntial fatty acids has been discussed in Chapter IL 

Sugar ondl Other Commercial Sweets 

In nature the sweetness of the nectar of a flower is quite 
clearly a bait to ^cure the visit of the bee and the distribu- 
tion of the pollen by his agency. The sweetness of the flesh 
of a fruit guides animals to consume something that contains 
not only sugar but also significant amounts of mineral ele- 
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ments and vitamins; and in baiting the animal to eat the 
fruit it also serv^es the plant by securing distribution of its 
seeds. 

The biological utilit^^ of artificially refined sugar is much 
more circumscribed. Nutritionally it is the extreme case of a 
one-sided food; for it furnishes calories and nothing else. 

The repeated research findings of Bunting and others, that 
increasing prominence of sugar in the dietary means in- 
creasing proportion of tooth defects in children, should not 
be ignored . 

It is probably true for the people as a whole, as was said 
in a discussion of the problem of sweets for children (pub- 
lished as a leaflet by the American Child Health Association 
and reprinted by the American Public Health Association 
in a report of its Committee on Nutritional Problems),^ That 
in general the proper place of sugar in the food supplies and 
eating habits ... is not in such concentrated forms as candy, 
nor in the indiscriminate and excessive sweetening of all 
kinds of foods, but rather as a preserv’ative and flavor to 
facilitate the introduction into the . . - dietary of lai^er 
amounts of the fruit and the milk, the importance of vrhich 
to - . . health has been increasingly emphasized with each 
year’s progress in our knowledge of nutrition.” 

Within a relatively short time sugar consumption has 
growTi as we saw in Chapter II from around 10 pounds to 
over 1(K) pounds per capita per year in the United States, 
so that now most families take over a tenth, and many take 
as much as a fifth, of their total food calories in the form of 
sugar which furnishes practically no protein, mineral ele- 
ment, or vitamin. Obviously this must have the nutritional 
r^ult of lowering the intakes of protein and of the mineral 
elements and vitamins by one-tenth to one-fifth from the 
levels at which they would otherwise be cx>nsumed. Is this 
durable? 
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EXERCISES 

1. Answer the question with which the above text ends and 
explain your answer in from 5CK) to lOOO w^ords. 

2. Using such Governmental and sugar trade statistics as are 
available at the time of your writing, show whether there has 
t^n a significant increase or decrease in American per capita 
consumption of sugar since 1920-25. 

3. H^.iw do recent advances of knowledge of the differences 
between the merely adequate and the optimal levels of intake 
affect your judgment as to the use of so much ''refined’' food as 
vras common in the first third of the tw'entieth century^? 

4. Discuss recent trends toivard the use (1) of a larger propor- 
tion of the wheat grain ior an admixture of whole-wheat with 
white fiourj in bread making; (2) of fortification of white flour 
with wheat germ or with mineral or vitamin concentrates; (3) of 
an increased proportion of milk (whole or skimmed, fresh or 
canned or driedj in breadmaking; (4) of yeasts especially de- 
veloped for their high thiamin content. 
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FOOD COSTS AND VALUES: 

NUTRITIONAL GUIDANCE IN FOOD 
ECONOMICS 

Introductory 

As Lord Astor put it in his discussion of the League of 
Nations’ Mixed Commission’s report, described below, the 
newer scientific knowledge of nutrition makes the practical 
problem of food supply a question not only of enough food, 
but enough of the right kinds of food. 

And as we saw in Chapter I, individual, family, and com- 
munity food supplies doubtless have been and still are re- 
sponsible for many of the relatively low levels of accomplish- 
ment for which in lack of this new knowledge an undue 
share of blame has been laid upon heredity. Our Federal 
Secretary of Agriculture, primarily a geneticist, and more 
recently a student of nutrition also, is quite explicit in apply- 
ii^ the new view to our own population and food habits. 

In his Foreword to the 1939 Yearbook of the United States 
Departqient of Agriculture, Secretary Wallace has written 
that probably 99 per cent- of the people bom in this country 
have heredity good enough to enable them to become pro- 
ductive workers and excellent citixens, but that half of them 
“do not get enough in the way of dairy products, fruits, and 
vegetables to enable them” to enjoy the full measure of 
health and vigor whidi is potential in their hereditary birth- 
right. And the reascms are largely, though not wholly, 
eccmomic. 
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In the choice of one’s food, or in purchasing the food for a 
family or other group, one usually must observ^e an economic 
limitation. This fact has been implicitly recognized in the 
foregoing chapters and accompanying Exercises, while the 
present chapter undertakes a somewhat more explicit ap- 
proach. Also, whereas previous chapters have been written 
primarily in terms of the individual, this one is in terms of 
the family food budget: partly because the majority of 
readers will presumably spend most of their lives as members 
of such groups; and partly because in studies and writings on 
food economics the family is usually considered as the con- 
sumer. To comply with the custom of the literature of the 
subject in this respect involves no failure of appreciation 
of the fact that in another aspect the food as it enters' the 
home is still a ‘‘raw material” for processing by the home- 
maker. 

The Economic Setting of the Problem of Better Nutrition 

According to what seem to be the generally accepted 
estimates, nearly two-thirds of the families in the United 
States have incomes of less than $1500 per family per year; 
about one-fourth have between $1500 and $3000; and less 
than one-tenth have over $3000 per family per year. 

EXetailed adrice upon the budgeting of incomes would lead 
beyond the scope of this book. Such problems are treated 
fuUy and from broad viewpoints in Andrews’ Economics of 
the Household (Second Edition, 1935) and Rose’s Feeding 
the FamUy (Fourth Edition, 1940). 

It is, however, part of the function of this chapter to 
empharize the fundamentally important fact that science 
now finds it possible to do more for health, efficiency, and 
w'elfare through nutrition than was previously supposed or 
even seriously imagined; so that, with nutrition carrying a 
larger share of the responsibility for making life worth 
while, it is logical that an increased share of the cost of 
firing should be budgeted for the cost of food. 
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And, even under present economic conditions, it is possi- 
ble for this to be done. 

Stiebeling and Phipard (1939)*, whose findings furnish 
one of the major bases for much of the present-day study 
of the problems with which this chapter deals, report that 
the food expenditures per person per week by the middle half 
of the city families studied in each region, December 1934 
to February" 1937, w'ere as in Table 19: 

T.vble 19.— Food E.vpevditures of Typic.u. Families 


Per Person 

White Fa^iilies per Week 

North Atlantic — $2 . 15-S3 . 50 

East North Central 2.10- 3.35 

West N orth Central 2.20-3.60 

South Atlantic 2.00- 3.10 

East South Central 1.60-2.75 

West South Central 1 . 85- 3 . 00 

2^Iountain 2.00- 3,00 

Pacific 2.25-3.60 

Xegro Families 

Middle Atlantic 1 . 75- 3 . 65 

South 1.05-2.15 


Statistics of expenditure of the income of the people show 
that such lines of expenditure as adornment (other than 
clothing) and amusement (other than by means of food, 
clothing, housing, and the automobile) run to very signifi- 
c^t proportions of even the lower incomes. 

Thus the improvement of food economics under the guid- 
ance of nutrition may be two-fold: (1) a better distribution 
of the food money,* and (2) often also the allotment to food 
of a somewhat higher proportion of the total income, or of 
the total budget for the cost of living. And such a suggestion 
is mt a proposal to diminish the few pleasures of the poor; 
rather, it helps them to gain their greatest pleasures. 

For the satisfaction derived from such higher accomplish- 

reference among Suggested Readings at the end of the chapter. 
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rnent as is made po^ible by higher health and efficiency 
exceeds the pleasure of mere consumption of goods; and in 
most families it is in turn exceeded by the contemplation 
of still higher health, efficiency, and accomplishment in and 
by the children who get the benefit of the newer knowledge 
of nutrition more completely and from an earlier age. 

\\'hatever the income, then, much depends upon the indi- 
\idual consumer’s choice and use of food. 

Only the general principles of the choice of food as guided 
by nutritional knowledge, and of the use of such knowledge 
in the allotment of the food money to the different types 
of food, can be discussed here. For the full development of 
the subject with calculations and actual meal plans for 
different types of people and for family groups, see Rose’s 
Feeding the Family and Laboratory Handbook for Dietetics. 

Food Budgets as Guided by Nutritional Knowledge 

It may be helpful at this point to summarize very briefly, 
and in a somewhat different sequence, the nutritional char- 
acteristics of the chief types of foods as studied in Chapter 

XIX. 

^Ic»t of the common articles and types of food may be 
grouped according to their chiefly significant nutritional 
characteristics as follows: 

(1) Breadstuff s atti other grain products . — Economical 
sources of energy and protein but not satisfactory in thdr 
calcium content or in most of the vitamin values. 

(2) Sugars and fats . — Chiefly significant from the nutri- 
tional standpoint as supplementary sources of energy, 
although some fats are also important as sources of fat- 
soluble ^^tamins. (The small amount of fat as such, par- 
ticularly of certain unsaturated fatty acids, which now 
appears to be specifically needed in nutrition is doubtle^ 
amply furnished by the milk, fruits, and vegetables of a 
normal food supply.) 

(3) Meats {including fish and poultry ) . — Rich in protern 
or fat or both, but showing, in general, about the sante 
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calcliim and vitamin deficiencies as do the grains, though 
lean meats are relatively richer in riboflavin. 

(4) Fruits and vegetables , — Greatly variable in their protein 
and energy- values, but highly important as sources of 
mineral elements and vitamins. 

(5) Milk , — Important as source of energy, protein, min- 
eral elements, and vitamins. The most efficient of all foods 
in making good the deficiencies of grain products and in 
ensuring the all-round adequacy of the diet. 

(6) Eggs, — As these occupy a less prominent place in the 
usual food budget, they are sometimes included in a group 
with meats, but nutritionally it is more satisfactory to 
group eggs by themselves. In some respects they resemble 
meat, in other res{>ects they resemble milk, ^d in still 
other respects they have somewhat distinctive properties. 

From the results of numerous studies made by the United 
States Bureau of Labor Statistics, by the United States 
Department of Agriculture, and by the New York Associa- 
tion for Impro\dng the Condition of the Poor, it can be 
estimated that of the total expenditure for food by the 
typical American family, from 25 to 40 per cent is for meats 
and fish (including poultry and shellfish); about 5 per cent 
for ^gs; about 10 per cent for milk, cream, and cheese; 
about 10 per cent for butter and other fats; from 15 to 20 
per cent for bread atnd other cereal and bakery products; 
about 5 per cent for sugar and other sweets; about 15 per 
c^nt for fruits and vegetables; and about 5 per cent for 
miscellaneous foods and food adjuncts. At the same time 
it is plain that sucdi a fcxxi budget, however preval^t, need 
not be regarded as fixed. 

For purposes of more detailed analysis and planning, a 
clarification of foods into twelve groups or types is now 
being used to a cx>nsiderable extent, especially in govem- 
mmt publications. This plan is described and illustrated in 
Appendix F (at the back of this book) which may well be 
studied at this point by thc^ d^iring such fuller cx>nsidera- 
ticm of diet planning. 
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Just what prominence should be given, to each type of 
food in the dietary- of a given individual or family, or in a 
community or national food supply, is a problem calling for 
consideration of many factors. One important feature of 
the problem is to ascertain how the normal variations in 
the distribution of exf>enditure among the various types of 
food materials affect the relative proportions of nutrients 
in the resulting mi-xed diet. The data of Table 20 permit a 
comparison between the expenditures for the different types 
of food and the returns from each in terms of energy, protein, 
calcium, phosphorus, and iron in the case of the American 
dietaries mentioned above. In individual dietaries the re- 
turns will naturally vary according as an economical or an 
expensh'e food of its kind is chosen, but in the average of 
224 different dietaries, the danger of error due to such indi- 
xndual variations is minimized. This table will now be 
discussed briefly in the light of the more recent data of 
Stiebeling as shovTi in Table 17, Chapter XIII, and of Stie- 
beling and Phipard (1939). 


Table 20. — ^.\\-EaAGE Percext.age Distribution of Cost and 
Nutrients in 224 American Dietaries 


TiTFE OF Food 

^Relative 

Cc^ 

Calories 

Protein 

Phos- 

phorus 

Calcium 

Iron 

Meat and fish. . 

32.19 

18.99 

35,34 

26.36 

3.86 

30.37 

E^s 

5.47 

1.77 

4.64 

4.02 

3.64 

6.25 

Milk and cheese 

10,59 

8.08 

11.56 

20.61 

55.76 

5.11 

Butter and 
other fats. . . 

9.55 

10.32 

0.31 

0.32 

0.73 

0.33 

Grain pmdocts 

18.29 

38.20 

37.25 

30.27 

15.67 

25.87 

Sugar and 
raoiass^ 

4.57 

10.06 

0.14 

0.20 

1.81 

1.^ 

Vegetables 

10.55 

9.05 

9.55 

15.58 

14.87 

26.42 

Fruit 

5.31 

2.99 

0.78 

1.82 

3.15 

3.29 

Note.. 

0.15 

0.14 

0.11 

0.13 

0.07 

0.09 

Food adjuncts. 

3.33 

0,40 

0.32 

1 0.69 

0.44 

0.47 
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The a\’'erage food value per man per day of the dietaries 
summarized m Table 20 was calculated as follows: 


Energ>’ 3256. Calories 

Protein 106. Grams 

Phosphorus 1 .63 Grams 

Calcium 0.74 Gram 

Iron 0.0179 Gram 


Comparing these averages with the amounts actually 
required for normal nutrition (as summarized in previous 
chapters) it will be seen that the freely chosen dietaries con- 
tained in the average a more liberal surplus of protein, 
phosphorus, and iron than of calories or of calcium. Corre- 
spondingly, %ve find that the number of individual family 
dietaries deficient in calcium and in total food value (cal- 
ories) is high enough to cause serious concern, while the 
cases of deficiency of phosphorus or iron were considerably 
less frequent and there were few if any cases showing an 
actual deficiency of protein. 

If we study the margin by which the average intake 
e.xceeds the actual requirement, we can hardly avoid the 
conclusion that the insurance carried by average American 
food habits, though slowly changing under the guidance of 
nutritional knowledge, is not yet entirely consistent as 
between the different factors of nutritional need. This con- 
sideration now takes on added importance in view of the 
recent findings that for best results the intakes of calcium, 
ribofla\in, and of vitamin A, probably also of \'itanun C, 
and possibly of thiamin should be much higher than the 
minimal -adequate or demonstrably needed amounts. 

Stiebeling and Phipard (1939, page 99) find in the data 
of representative family food consumption in 1934-37, as 
had been found in earlier studies, that about one-sixth of 
the people get dietaries of caldiun content below that which 
laboratory studies indicate as a minimum for fully normal 
nutrition. 

The problem of “dietauy standards” has thus been ren- 
daed even more difficult than it was before by the recent 
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discover^', for some nutrients but not for others, of unexpect- 
edly ■wide zones of desirable margin above the needs of mini- 
mal adequac>'. It is, how'ever, probably safe to say that 
(while other deficiencies may be more frequent in certain lim- 
ited r^ons) in the food supplies of the people throughout 
the United States generally, the point at ■which enrich- 
ment is most needed is in the calcium content. And this 
enricdiment should be accomplished by increasing the pro- 
portions of milk, or green vegetables,* or both, in the 
dietary, for these bring other nutritional advantages along 
with the calcium. 

It "was because these two types of food, milk and green 
leaf "vegetables, are rich both in calcium and in vitamin A 
value that ^IcCollum has given them such specieil emphasis, 
believing that calcium and vitamin .A are the nutrients 
which we are mc^t apt to receive in suboptimal amounts 
from our ordinary dietaries. In the light of Stiebeling’s and 
Phipard’s findings, amd of the laboratory research which 
has sho^wn such ■wide zones between the merely adequate 
and the optimal in both these cases, there is still strong 
reason for such food selection as to enrich the dietary in 
calciuiti content and vitamin A value. Riboflavin certainly, 
and "vitamin C probably, also have similar wide zones of 
beneficial increase above the le'vel of minimal adequacy, as 
■we have seen in Chapters XI and XIII. 

Thus there are now several strong nutritional reasons for 
M) manning the food budget as to give fruits, vegetables, 
and milk (including, if deared, cheese, cream, and ice 
cream) a larger place in the dietary than has been custom- 
ary hitherto. 

Based apparently upon a recommendation originally made 
by Gillett, the following simple food budget for Q'ty families 
has been widely quoted and found useful: 

Hhhsr tliam spliacfar New Zeafemd dmrd, and beet greens, whose 

cKS3&r matei thdr caklimi 
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Kvide your food money into fifths — 

One fifth, more or less, for vegetables and fruit; 

One fifth, or more, for milk and cheese; 

One fifth, or less, for meats, fish, and eggs; 

One fifth, or more, for bread and cereals; 

One fifth, or less, for fats, sugar, and other groceries 
and food adjuncts. 

The recommendation that a fifth or more of the total 
food money be spent for bread and cereals aims at making 
a dietary more economical than the American average. In 
practice, the proportion spent for bread and cereals may 
(and usually does) vary with the need for strict economy. 
It must usually be high in an extremely low-cost dietary 
and may be considerably lower where the level of expendi- 
ture is more liberal. 

Whatever the level of expenditure, however, it seems wise 
to observe the two suggestions that: 

(1) at least as much should be spent for milk (including 
cream and cheese if used) as for meats, poultry, and fish; and 

(2) at least as much should be spent for fruits and vege- 
tables as for meats, poultry, and fish. 

These latter suggestions seem to have been found useful 
as a guide in both low-cost and liberal-cost food budgets 
and can obviously be applied in all cases in which even the 
amplest of records of espenditures are kept. They tend to 
make milk, vegetables, and fruits more prominent than in 
the average American dietary of the present or of the 
recent p)ast. 

From among the dietary records above discussed, 25 were 
taken at random and a calculation was made to see how 
their nutritive values would have been affected if, with no 
change in the amount of money spjent or in the kinds of 
foods selected, the quantities of the different food group® 
had been simply readjusted in accordance with the two sug- 
gesticHis just given. It was foimd that such readjustment 
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would leave the protein practically unchanged in amount 
while the calories and iron would be slightly increased and 
the calcium and phosphorus materially increased and 
brought into better quantitative relations with each other. 
Furthermore, the dietaries thus adjusted would undoubtedly 
be improved in their \’itamin A and C values. 

That progress in this direction is already taking place, 
gradually but upon a large scale, is shown both by the 
United States Department of .kgriculture’s statistics of pro- 
duction, consumption, and railway transportation of differ- 
ent t\pes of food , and by such studies of urban food habits 
as those conducted by the Xew York Association for Im- 
proving the Condition of the Poor and summarized by^ Gillett 
and Rice (1931) in the publication cited among the refer- 
ences at the end of this chapter. 

The term protective foods was coined by McCollum and 
(as noted above) first applied only to milk and the green leaf 
vegetables, as being the two types of food rich in both the 
two factors, calcium and vitamin X value, which he had 
come to regard as most often deficient in the dietaries of 
.American and European peoples. 

The research findings of recent years have extended this 
conception in two ways. We have come to realize that en- 
richment of the dietary^ in vitamin C and riboflavin, as well 
as in vitamin A and calcium, is usually beneficial; and this 
not merely for protection against actual deficiency, but also 
for the promotion or enhancement of vitality, — of “posi- 
tive,” or “buoyant,” or better-than-av^erage, health. Thus 
the idea has, perhaps, already outgrown the. literal meaning 
of the word “protective”; but the term continues to do 
service with an enlarged and more constructive significance. 

In this sense, and with the objectwe broadened to include 
the enrichment of the diet in the four factors, — calcium, 
riboflavin, and vitamins A and C, — ^we now apply the term 
protective foods to fruit, vegetables, and milk, with cr 
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without eggs.* Milk furnishes all four of the chemical fac- 
tors just mentioned and is an outstanding source of three 
of them: while each of the other three types of food just 
mentioned is regarded as a good source of some two of the 
four factors. The richness of eggs in vitamin A and riboflavin 
fully entitles them to admission to this category according 
to this latter criterion, and the vitamin D and iron content 
of eggs and the high nutritive value of their proteins are all 
nutritional assets, especially for the growing child; but eggs 
do not, like the other protective foods, have the property 
of reducing intestinal putrefaction and promoting the devel- 
opment of a wholesome bacterial flora in the digestive tract. 
For this and some other reasons eggs are more cautiously 
emphasized, while of milk, fruit, and vegetables we now 
believe that (within reason) the larger the proportion of the 
needed calories taken in these three forms the better. 

There has for some years been a steady and well-justified 
trend toward higher nutritional appreciation of the fruits 
and vegetables; and this trend still continues. Hence it is 
an expression of the consensus of nutritional findings and 
opinion (and not merely, though also, of the judgment of 
the present writers) that we recommend for fruits and 
vegetables a still greater prominence in the dietary (or food 
budget) than is found in most previous books and bulletins. 

Stiebeling’s studies of food consumption at different eco- 
nomic levels show that as purchasing power rises from 
levels of severe poverty to those permitting a little more 
freedom in the choice of food, there is at first an increase 
in fruit and vegetable consumption fully proportionate to 
the increased per capita expenditure for food. But with still 
more comfortable levels of expenditure the extra food money 
does not go as largely to increased consumption of fruits 
and of succulent vegetables as would be desirable. In other 

*A widening of the term “protective foods” to include meat also has been 
but at the time of writing (1940) it is too ^irly to judge whether this re- 
Ignition of the term will come into g^ieral use or riot, \\liole grain cereal products 
lave been “nominated” for inclusiori in the “protective" group of fo^s. 
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words the consumer demand represented by the nation- 
wide data of about 1933-36 is responsive to, but not yet 
fully abreast of, the guidance of the newer knowledge. 
Consumers still are too apt to think that about two pounds 
a day of fruits and vegetables is as much as they are justified 
in eating, whereas our present nutritional viewpoint is that 
certmnly a third pound of per capita consumption of total 
fruits and vegetables (and very probably more) is an 
excellent investment. 

Prominence of milk, fruits, and vegetables in the dietary 
ensures liberal intakes of calcium, riboflavin, nicotinic acid, 
and vitamins and C; and, perhaps, in somewhat less 
prominent but still important degree, of phosphorus, iron, 
and thiamin. 

WTiole grain cereals in adequate proportions provide 
abundance of thiamin, iron, manganese, copper, and sup- 
plementary phosphorus. There has been some discussion as 
to the availability of the cereal phosphorus, but actual 
feeding experiments leave no doubt that we assimilate more 
phosphorus from whole wheat than from white bread. Good 
availability of the thiamin and of the iron of whole wheat 
is clearly established. 

Stiebeling and Phipard (1939), in the general summary of 
their findings from the study of about 4000 family food- 
consumption records representing 43 cities or towns in eight 
major gecgjaphical r^ons of the United States during the 
period December 1934 to Febmary 1937, point out that the 
average dietari« of this period (while already showing some 
effects of the teachings of the newer knowledge of nutrition) 
induded only one-half to two-thirds as much milk and le^ 
than two-thirds as much of fruits and vegetables as did the 
dietari^ which they graded as good, and add: "But emi 
these good diets fell short of the allowances of these protec- 
tiw fcxids believed by many authorities to be optimal.” 

Most of th^ 4000 families spent between 25 and 40 pa 
cceit of their income for food. On the average, those having 
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more money to spend for food increaised their purchases of 
milk, butter, cream, eggs, meat, fruits, and succulent 
vegetables in greater degree than their purchases of grain 
products, sugars, and fats other than butter. Thus when 
total food expenditure was 200 per cent higher, that for 
fruits was 200 to 400 per cent higher but that for grain 
products and fats other than butter was only about 30 to 
35 per cent higher. 

Thus the newer knowledge of nutrition does not suggest 
any serious departure from the natural inclinations of 
present-day American consumers: rather it offers guidance 
and “implementation” for the realization of the fullest 
measure of satisfaction from a movement in the direction in 
which most consumers already wanted to go. 

But for even a reasonable approach to best results the 
teaching of greater prominence of fruits, vegetables, and 
milk (including cheese, cream, amd ice cream) in our diet- 
aries and food supplies should be emphasized and practiced 
in higher degree than at present. 

Stiebeling and Phipard find that in every region studied 
familipfi spending only small amounts of money for food use 
only small quantities of milk. And in the average of all the 
white families studied, while one-fourth to one-third of the 
food money was spent for meat, fish, poultry, and ^gs, only 
cme-fifth to one-fourth was spent for fmits and v^etables, 
and only one-eighth to one-sixth for milk and cheese. (The 
n^ro family food budgets showed still less appreciation of 
fruits, vegetables, and milk.) 

Progress in the direction of giving higher place in the 
dietary to fruits, vegetables, and milk is (up until 1940, at 
any rate) more evident in the feeding of children than of 
grown people. 

Dr. Mary S. Rose permits us to extract the data of 
TaMe 21 from her current teaching of “working plans for 
die ccmstruction of adequate diets.” 
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Table 21. —Rose's Recommexdation’s Adapted 


For Cliilciren 

1- 2 years.. 

2 - 3 ' ^ . 

3- 4 ^ . 

4r- 5 ^ . 

7 ^ - 

8 ~ 9 . 

1(F12 ^ . 


Percentage of total 
Calories from Fruits, 
Vegetables, and Milk 
/0~85 
6 o — /2 
62-69 
59-68 
54-60 
53-58 
51-56 


For High -School Boys and Girls 

at 20C» Calories 48-53 

“ 2500 “ 42-45 

For Healthy Adultson to Moderate Incomes. . . 28-30 


Fora Family of 2 Adults and 3 Young Children on 
Low to Moderate Income 


Table 22 shows the “distribution standards” for children’s 
dietaries recommended by Dr. Rose and Table 23 a differen- 
tiation according to economic level. 


Table 22. — Distribution of Calories in Diets of 
Children of 4 to 12 Years 


i 

i 

Per Cent of Total Calories from Each Class of Food 

risr 

Foods from 


Vegetables 


Sugars 

Eggs, Cheese, 

Years 

Cereal 

Milk 

and 

Fats® 

and 

Meat, and Otte 


Grains 


Fruits 


Sweets 

Flesh Foods 

4-5 

23-25 

45-50 

14-18 

5-8 

2-5 

5-6 

5—6 

23-25 

45-50 

14-18 

5-8 

2-5 

5-6 

6-7 

20-25 

40-45 

14-15 

10-12 

3-4 

4-5 

8-9 

20-25 

38-42 

15-16 

12-13 

4-6 

5-6 

10-12 

20-25 

34-38 

17-18 

13-14 

6-8 

7-8 


•At part of th£ fat to be butter or something known to furnish its equiva- 

fent of vitamin A- 


Table 23 shows corresponding distribution standards to 
guide the planning of minimum cost and moderate cc^t 
dietaries, respectively, for children of ages 5 to 16 years. 
The minimum-cc^t standard is based on the recommenda- 
tions of the Committee on Economic Standards of the 
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Xew York X'utrition Council. The moderate-cost standards 
are those used by Rose and Gray in judging the dietaries of 
child-caring institutions. 


Table 23. — Distribution of Calories in Diets of ^Minimum and of 
Moderate Cost for Children of Ages 5 to 16 Years 


Food Group 

AIintimutm-Cost 

Diet 

Moderate-Cost 

Diet 

I. Foods from cereal grains 

Per Cent of 
Total Calories 

37 

Per Cent of 
Total Calories 

24 

11. Milk 

22 

32 

III. Vegetables and fruits 

A. Dried legumes 

3 

1 

B. Other vegetables and fruits 

13 

16 

IV. Fats and oils 

14 

12 

V. Sugars and sweets 

5 

7 

VI. Meat, eggs, cheese 

6 

8 


For family groups Stiebeling’s ‘‘dietaries at four levels of 
and supplementary suggestions will afford much addi- 
tional guidance. An independent discussion based essentially 
upon them has also been published by Hambidge. (See 
suggested readings at the end of the chapter.) 

Omitting the emergency diet, Stiebeling and Ward's 
recommendations were as shown in Table 24. 

It is of interest to compare some other recommendations 
with those of Stiebeling and Ward as summarized in 
Table 24. 

McCollum^s recommendation for milk consumption is one 
quart per capita per day. Inasmuch as new research findings, 
since 1933 when the recommendations of Stiebeling and 
Ward were published, tend strongly to raise the probable 
optimal intake of calcium and riboflavin, we believe that 
this cx>nstitutes a sound reason for preferring 365 quarts 
rather than 305 quarts of milk per capita year. 

Also we believe that the trend of advance of nutritional 
knowledge since 1933 makes it Ic^cal to give an even more 


KSENTIALS OF NUTRITION 


334 

ThSis 24.— -YEA.RLY Per Capita Consumption of Foods at Different 
Economic Levels as Recommended by Stiebeling and Ward 


Adequate Adequate Liberal 
Food Diet at Diet at Diet 

M INDIUM Cost Moderate Cost| 


Milk“ 

.quarts 

260 

305 

305 

Potatoes, sweetpotatoes.. 

...Jbs. 

165 

165 

155 

Dried beans, peas, nuts.. 

a 

30 

20 

7 

Tomatoes, dtnis fruits. . . 

u 

50 

90 

110 

L^f\% green, and yellow 





v^tables 

a 

80 

lOO 

135 

Dried fruits 

a 

20 

25 

20 

Other fruits and vegetables. . ^ 

85 

210 

325 

Flour, cereals 

a 

224 

160 

100 

Fats^ 

a 

49 

52 

52 

Sugars 

a 

35 

60 

60 

Meats, poultry, fish 

a 

60 

100 

165 

Eggs 

.dozens 

15 

15 

30 


•Including such milk prc^ucts as share its essential nutritional character- 
istics. The approximate equivalents are, as given by the XJ. S. Dept. Agriculture, 
for 1 quart of fluid whole milk: 17 ounces of evaporated milk; 1 quart of fluid skim 
milk and 1.5 ounces of butter; 5 ounces of American Cheddar cheese; 4.5 ounces 
dried whole milk; 3.5 ounces of dried skim milk and 1.5 ounces of butter. 

^In the data of this table, bacon and fat pork are included under Fats and nc^ 
under Meats- 

prominent place to fruits and vegetables in the dietary than 
is given in the Stiebeling and Ward recommendations. 

We may repeat here the recommendation: (1) that at 
least half the total calories be taken in the form of fruit, 
vegetable, and milk (including cheese, cream, and ic^ 
cream); and (2) that at least half the cereals and breadstuffs 
consumed be in approximately whole-grain forms. 

Abundance of intake of thiamin is ensured by the use of 
Jocds not too largely denatured by refining; while abundance 
of vitamins A and C, and of calcium, depends chiefly upcm 
the kind of food selected. In other words thiamin is dis- 
tributed in relative abundance in a wide variety of plant 
and animal tissue, while vitamins A and C are not so 
widely distributed in generous concentrations, but cKXur 
impoitantly in particular foods: vitamin A in gr^n 
yellow v’egetables, milk (and all of its products wMdi 
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contain its fat), and in egg yolks; vitamin C particularly in 
citrus fruits and tomatoes, and significantly in a number 
of other fresh fruits and succulent vegetables. 

EXERCISES 

1. Taking the data of Table 20 as fairly typical of such Ameri- 
can dietaries as are only beginning to be influenced by the newer 
knowledge of nutrition, what changes in the distribution of the 
fcKxi money among the different types of food would you now 
recommend? 

2. If the allotment of the food money were readjusted so that 
as much was spent for milk and cheese, and also as much for 
fruits and vegetables, as for meats and fish , would you anticipate 
an increase or a decrease: (a) in the calcium content of the dietary; 
{h} in its ascorbic acid (vitamin C) content; (r) in its thiamin 
(vitamin Bi) content; (d) in its riboflavin content; {e) in its vita- 
min A value; (J) in the excellence of its nutritional character as 
a whole? 

3. As it is known that meat and fruit do quite directly “com- 
pete for the consumer’s food money,” what effect would you 
anticipate from the shifting (a) of one-third of the customary 
expenditure for meat and fish to fruit instead, (&) of one-third of 
the customary expenditure for fruit to meat instead? 

4. Assuming such readjustment of the food budget as you 
under the guidance of the newer knowledge of nutrition consider 
it wise to make, would this call for any essential change in the 
set-up of menus or meal plans, or only for increases or decreases 
in the sizes of servings of certain foods? 

5. Make meal plans set up in the general style used in Rose’s 
Feeding the Family and incorporating in full your own judgment 
as to the best relative amounts of the different types of food. 

6. Compare your individual dietary or food consumption 
im>rd, or that of a family whom you know, with the “Kinds and 
quantiti^ of food for a year” proposed by the table in Appendix 
F, taking the data on such line or lines in that table as mc^t 
nearly correspond with your case or that of the family whose 
dietary or food record you are comparing. 

your dietary omit any one of the twelve “kinds” into 
which foods are grouped in that table? If so, is the omission an 
advantage or a disadvantage nutritionally? Why? 

Whidi of the twelve kinds of foods are more prominent in your 
iktary than in the “low-cost good diet” proposed by the United 
States Department of Agriculture as quoted in Appendix F? 
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In each of these ca^s, is the greater prominence of this kind of 
food in your dietary advantageous or disadvantageous nutri- 
tionally? And how does it affect the cost of your dietary? 

7. Having in mind the fact that recent and current research 
shows some foods to be better investments than we have hitherto 
known, could you now improve your dietary nutritionally with- 
out seriously increasing its cost? 

How much money per year could be made available for the 
further improvement of your dietary (or that of the family you 
have in mind) by a partial shifting of expenditure from 
important items of the cost of living? 
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Chapter XXI 


HOW TO MAKE NUTRITIONAL KNOW- 
LEDGE MORE EFFECTIVE 

(“NUTRITION POLICY”: PUBLIC AND 
PERSONAL) 

One thing that is needed in order to make nutritional 
knowledge more effective is a keener realization, a more 
constant consciousness, of the fact that there is a highly 
agnificant difference between the merely adequate and the 
optimal in nutrition. To bring about this realization is not 
a hopeless task, for progress has been made already. Wit- 
ness the e\idence of growing appreciation of fruits, vege- 
tables, and milk as shown both by comparative dietary 
studies at a 15-year interval in New York City and by the 
Federal marketing statistics; and witness also the editorial 
statement in the Journal of the American Medical Associa- 
tion that the difference between merely passable health and 
buoyant health is coming to be more appreciated. 

Farmers know that they cannot afford to keep animak of 
merely pa^ble health. The production that makes a farm 
a ttim al profitable is dependent upon a state of nutrition mme 
nearly optunal than that which is merely adequate to pa^ 
a veterinary inspection. Gove Hambidge remarks that many 
a man would be “adiamed to feed his livestock as casually 
as he feeds his family”; and su^ests that it would be no 
more than intelligent for us (with the food-production pcssi- 
Mities which our country affords) to build a natima <rf 

people as sturdy “as the animals in a good barnyard.” 

m 
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To change the comparison, would one expect the best 
results in athletics from a group of students whose minimal- 
adequate nutrition put them only just over the line between 
being on sick-list and being of “passable” health from the 
riewpoint of medical inspection? Doesn’t every athletic 
coach as a matter of course select his material from among 
those whose nutritional condition is such as to suppjort 
“piositive” or “buoyant” health? 

The preceding paragraphs do not imply that nutrition is 
soldy responsible for the difference between merely passable 
health on the one hand and p)Ositive or buoyant health on 
the other. Physical training plays a large part in the produc- 
tion of successful athletes; and heredity is a large factor in 
superiority both in the human family and among its domes- 
tic animals. The point is that both heredity and training 
become more productive when supported by the superior 
nutritional condition and internal environment to which 
our newer knowledge can serve as a guide; and that more 
can now be accomplished through nutrition than we have 
preriously been accustomed to suppose. 

In the exceedingly modest terms in which Sir Frederick 
Gowland Hopkins put it, “Nxuture can assist Nature to a 
larger extent than Science has hitherto thought.” 

Thus a very important first step in making nutritional 
knowledge more eff^ective is to trmn oneself, and to help 
others, to an adequate realization of its potentiality. 

Nufrition Policy is Made Effective by both Economic 
and Educational Methods 

How each of us may use nutritional knowledge as effec- 
tivdy as possible in our own lives, and extend its benefits to 
the Ev^ of as many others as pxDssible, is both an e(x>nomic 
and an educational problem. 

It is economic in the sense that most of us would follow 
tiK guidance of the newer knowledge of nutrition somewhat 
mote readily, fully, and eflfectively if we had more money 
tc ^}end fcM" food; and in the smse of the wider view which 
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shows that malnutrition is enormously more prevalent 
among the poor than among the well-to-do. As incomes rise 
abo\'e the p>overty level, nutritional conditions automati- 
cally impro\'e. With more money to spend for food, people 
in general buy themselves nutritionally better food supplies 
than those to which the majority now feel themselves con- 
fined by the limitations of their purchasing power. 

Vet at the same time, it is also an educational problem; 
for careful studies show clearly, as has recently been espe- 
cially emphasized by Steibeling, that a v^ery large proportion 
of families can have nutritionally' much better dietaries than 
they now do, even at their present levels of expenditure 
for food. 

Recognizing that both economic and educational problems 
are in\-olved, mamy people are now of the opinion that the 
primary and fundamental need is nutritional consciousness 
or nutrition policy; and that when a right policy in regard 
to nutrition is consciously adopted, both educational and 
more directly economic methods will be found or maAp- 
effective for its promotion. 

One of the earliest and most clear-cut examples of a gov- 
ernment acting on nutrition policy was when a Baltic State 
lowered its tariff duty upon imported fmit with the officiailly 
declared purpose of increasing the consumption of fruit by 
its people, in the interest of higher health through enhanced 
nutritional wellbeing. 

At about the same time Great Britain gave worldwide 
circulation to an official (Downing Street) state paper 
entitled “Nutrition Policy,” and began a movement for 
bringing the benefits of the newer knowledge of nutrition 
to its home population which w’as characterized in the 
Atlantic of February^ 1936 as “staggering in its utilitaricin- 
ism.” The London Times “editorially, reading like a social- 
service oigan,” supported the proposition that milk must 
not be used feu" making butter so long as British families go 
diort of the fresh milk they should have. Among other 
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measures, the government gave employment for the raising 
of increased amounts of those foods which, under the guid- 
ance of the newer knowledge, were held to bring most 
benefit to the consuming public; and established marketing 
boards, operated at government expense, to ensure for such 
foods as milk, eggs, fruits, and vegetables, the lowest possible 
price to consumers Avith an adequate return to the pro- 
ducers. Special provision was also made that a school-lunch 
of milk be given to all school children: at cost, or for what 
they can pay, and at public expense to those who can pay 
nothing. The comprehensive nutrition policy of which this 
is but an indication is the result of such experiences as the 
high proportion of young men rejected as physically unfit 
for army seiwice, the fact that a large proportion of those 
rejected on physical examination passed the same examina- 
tion after having been properly fed for six months, and the 
fact that a dietary “which had been planned with the best 
of intentions for the welfare of the boys who were to recewe 
it” still required a more liberal allowance of milk to enable 
the boys to make “the physical and mental development of 
which they were capable” (Corry Mann’s experiment, 
previously mentioned). 

It was especially to consider the broad aspects of nutri- 
tion policy that the League of Nations, under the challenge 
of the Delegate from Australia that something be done to 
“Marry agriculture and health,” appointed a Mixed Com- 
mittee representing nutrition, agriculture, and economics, 
under the chairmanship of Lord Astor, whose (above men- 
tioned) declaration that, “It isn’t sufficient that there be 
enough food; there must be enough of the right kinds of 
food,” did much to give worldwide currency to this funda- 
mental fact. 

Manifestations of what may be considered a trend toward 
nutrition policy, even if fragmentary as yet, and suggestions 
for systematizing such policies, are collected and discussed 
in the “Final Report of the Mixed Committee of the League 
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of Nations on The Relation of Nutrition to Health, Agri- 
culture, and Economic Policy’' (Geneva, 193/).* 

The British [Medical -Association took the initiative in 
organizing a conference on nutrition policy for Great 
Britain, which met in London, for the consideration of the 
vM ,‘r aspects of nutrition, on April 27-29, 1939. Its keynote 
■ 'CtJinmendation was as follows; “The conference called by 
■he British Medical Association and composed of represent- 
atiN-es of medicine, agriculture at home and overseas, 
industry, and education, is deeply impressed with the 
importance of nutrition to the national welfare. It urges 
upon the Government the formubt: of a long-term food 
policy in which the requirements of health, agriculture, and 
industry shall be considered i.n mutual relation. It is con- 
vinced that mesisures to secure the more ready availability 
to all sections of the community of foodstuffs which are held 
to be d^irable on nutritional grounds should be accompanied 
by an educational campaign to encourage their increased 
consumption.” 

In the United States the Federal and State Governments 
have made many contributions to nutritional research and 
education, but as yet have taken only tentative steps in 
the way of direct economic action to increase the proportion 
of the “protective” foods in the nation’s food supply. 

The allotment of the funds for soil conservation and the 
purchase of food for relief distribution under the surplus 
<»mmodities law, are reported to have pven some conader- 
ation to the nutritional evidence as to which foods should 
espedally be increased in our national dietary. Presumably 
more will be done in this direction when a sufficient demand 
for it comes from the people as “nutrition conscious” 
consumem. 

The various “food stamp” plans which are being tried as 
this is written (1940) might well incorporate a more explidt 
recc^ition of the prindple that in Silling any need for 

’^Printed in EngEsli and distributed in the United States of America by tlie 
’Cdembia Liilvers»ty I re^. New York City. 
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focxi, there should be insurance that the food which the 
a>nsumer gets is of the kind, or of one of the kinds, which 
today’s knowledge of nutrition emphasizes as especially 
desirable for increased consumption. It is important that 
the people needing public help with their food supply should 
be helped to get not only more food but more of the foods 
which will do most for their health and efficiency. It is also 
important that any public action in the way of increasing 
the market for food crops should encourage those crops 
whose sustained or increased production is most clearly to 
the advantage of the health interests of the people. If, as 
seems probable, progress is to come mainly through con- 
sumer demand, the sooner we realize this fact the sooner 
will nutritional knowledge become more widely effective 
for the general good. 

The Red Cross also has done much for public education 
in nutrition, as notably by the work of its headquarters 
nutrition-educationalists, and by its loan of an able nutri- 
tionist to the New York City Department of Health until 
the budget of the latter could be made to provide for the 
nutritional service thus built up. 

Underlying all these and many other activities for the 
extension of nutritional knowledge is, of course, the r^ular 
teaching of nutrition in schools and colleges, and the exten- 
don of such teaching into social welfare agencies of many 
kinds and into the technical training for the medical, 
nursing, and public health professions. 

TTie fact that better nutrition of the people is both an 
economic and an educational problem is abundantly shown 
in the findings of Stiebeling and Phipard (1939).* When, 
having estimated individually the nutrient contents of a 
very large number of family dietaries, they grouped them 
as nutritionally “good,” “fair,” or “poor,” it became quite 
dear (as indicated earlier in the chapter) that in general 
mme money spent for food means a larger proportion of 
good dietaries; but also that with the same amount spmt 

amoi^g ^gg^ted Readings, Cliaptor XX. 
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for food some families get nutritionally good dietaries while 
some of their neighbors do not. For example, among East 
South Central city families with an expenditure of $2.50 a 
person a week for food, 32 per cent bought diets nutrition- 
ally "good,” 31 per cent bought diets nutritionally “fair,” 
and 37 per cent (at the same level of expenditure!) bought 
diets nutritionally “poor.” 

To a greater e.xtent than in most economic and hygienic 
reforms, improvement in nutrition must be attained by the 
educational building up of new habits of conscious choice 
in the individual citizen, the cumulative effect of which is 
recognized as “consumer demand.” 

Thus the purchase of a dozen oranges or an extra quart 
of milk may confidently be e.xpected to have a two-fold 
influence: (1) in the building of a higher level of nutritional 
wellbeing and resultant health and efficiency in the family 
or individual consumer; and (2) in the upbuilding of the 
agricultural industries which produce these articles of food. 

Our everyday choices of food are probably among the 
most frequent and certainly among the most influential of 
the conscious choices that we make. 

WTiat serves us best is to accept wholeheartedly the guid- 
ance of the newer knowledge of nutrition, and to make a 
steady habit of acting upon this scientific guidance just as 
fully' and regularly as circumstances permit. If to give to 
“the protective foods” that place in the dietary which 
present nutritional knowledge shows desirable involves turn- 
ing over a new leaf in one’s daily food practice, then let it 
be turned once for all: not grudgingly and hesitantly, not 
in a spirit of fussiness; but definitely and with cheerful thanks 
that science has shown us a way in which choices that we 
make every day can have unexpectedly far-reaching bene- 
ficial effects. 

The phrase "protective foods” as here used means, as 
explained in a previous chapter, fruits, vegetables, and milk 
(including cheese, cream, and ice cream), with or without 
e^s. It leaves wide latitude for individual preferences and 



NUTRITION POLICY 


345 


for due consideration of economic conditions in the choice 
among fruits and vegetables; and also for choice among the 
different forms of milk (fresh, canned, and dried) and such 
of its products as sufficiently possess its nutritional charac- 
teristics, — fermented milk, cheese, cream, and ice cream. 

As explained in a previous chapter, we interpret findings 
now available as indicating that for the best results as much 
as half of the needed food calories should be taken in the 
form of fruit, vegetables, and milk in some form or forms. 
For those who do not find it feasible to plan their food in 
terms of calories, much the same result will usually be 
obtained if at least half the expenditure for food is for 
fruits, vegetables, milk, cheese, cream, and ice cream. To 
provide more fully for thiamin (vitamin Bj) and iron, we 
have recommended also that of such amount of breadstuffs 
or cereals as one may choose to eat, at least half should 
be in the approximately “whole grain” forms. It should, 
perhaps, be here mentioned again that whereas vitamins A 
and C occur abundantly only in a relatively few types of 
food, vitamin Bi (thiamin) has very wide natural distribu- 
tion in plants and animals alike, so that any shortage of 
thiamin in a food supply not grossly deficient in total 
calories is chiefly the result of an undue dependence upon 
foods which have been denatured by artifidaJ and excessive 
refining of some sort. 

Note that this application of the newer knowledge of 
nutrition leaves half the food (whether in terms of calories 
or of cost) to the free choice of the individual. So there is 
ample room to “eat what you want while eating what you 
should.” 

One who has made oneself a wholehearted convert to the 
new scientific knowledge can then get its benefit without 
necessarily renouncing any particular article or type of food, 
and without any feeling of having calamitously or reprehen- 
ably “broken training” when circumstances dictate an occa- 
aonal departure from the new t}^ of dietary; for if on some 
days it is impracticable to make as modem a selection of 
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food as is here recommended, one can even-up on some 
sub^uent day or days. Some ups and downs from day to 
day need not cause anxiety^: it is rather the good balance 
in the total of the week’s or the month’s food consumption 
that counts. And ''good balance” need not mean a long 
period of elaborate calculation, or even of mental arith- 
metic. A moderate amount of such practice as the exercises 
suggested at the ends of the previous chapters will afford, 
taken thoughtfully, should enable one to acquire a sense of 
profxirtion in regard to foods and dietaries which will give 
the needed guidance without constant weighing, measuring, 
or calculation. 

Recorded observations extending over a consecutive 
period of four years, leave the definite impression that 
one may eat among other people, accepting the food choices 
made by others to the full extent that business and social 
customs call for, not making oneself conspicuous or self- 
conscious, but so balancing in the meals which are under 
one’s control (and in the choices which even conventional 
meals allow") that half of the total food calories will be 
taken in the form of fruits, vegetables, and milk, in accord- 
ance with the suggestion already made and discussed. 

Freedom in the Choice of Food 

An important factor in making nutritional knowledge 
folly’ effective is a realization that, as already explained in 
part, a wide freedom of choice of food is entirely compatible 
with the gaining of the benefits which the newer chemistry 
of nutrition offers. 

Freeing of the mind from needless inhibitions in one^s 
<Aoices among foods helps one to a more effective use of 
sdentific guidance in nutrition; and it is also worthwhile 
from the viewpoint of the pleasures of the palate. For, as 
an editorial writer has pointed out, “Beside the meeting of 
nutritional needs, estting has an immense vog^e as an 
amusement.” 

Religious inhiMticms in the use of food do not fall wittei 
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the scope of this book to discuss further than that the 
newer knowledge of food values makes it easier to provide 
full nutritional equivalents for any particular article of food 
which may be interdicted even permanently. It also gives 
added reassurance against fear of injury to health from 
omissions of particular foods at special times; for nutrition- 
ally the important point is the adequacy of the intake when 
considered in terms of fairly long units of time. 

Sanitary considerations may also be given all due weight 
without significantly hampering our food choices. We say 
all due weight, because some people still labor under undue 
fears. Until recently, discussions of food and health have 
dwelt largely upon ways in which food may conceivably do 
injury. Public pressures for “pure food” legislation, and the 
resulting Federal and State laws, have been activated cdiiefly 
by fears of injury and fraud; and as embodied in statute 
have dealt mainly in prohibitions of adulteration and mis- 
branding. And even with these laws in operation, far too 
many people still harrass themselves and hamper their use 
of nutritional knowledge by exaggerated fears of unsanitary 
qualities in food. Sad to say, there are also some purveyors 
of advice to the public who still harp upon the old chords 
of exaggerated fears and indignations. Moreover, some 
people do not yet fully realize that during the past thirty 
years, partly through the permanent accomplishments of 
the “pure food movement” and partly through the advance 
of nutritional knowledge, the center of ^avity of the problem 
of Ae relations of food to health and social welfare has shifted 
from sanitation to nutrition. 

This is not to say that all the sanitary problems of the 
food supply have been entirely solved. It is to say that sani- 
tary practices and nutritional knowledge now stand at such 
points that the consumer who thinks of his food choices 
chfefly in terms of his fears is sadly behind the times; and 
timt it is far wiser to think of our foods primarily in terms 
of what they ran do constructwdy in the building of higher 
health. Inasmuch as the ctmstructive tealth values of a 
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scientific choice of foods have been considerably emphasized 
throughout this book we must assume that the reader will 
them in mind when we no^^ mention the considerations 
which may occasionally tend to divert our food conscious- 
ness back into its old unhappy channels. Obviously, con- 
j]Q3_Y sometimes have occasion to assert themsel\es, 
either directly or through their local health officers, in 
regard to proper standards of municipal housekeeping clean- 
liness in the retail handling of foods. Thirty to forty years 
ago there was need of greater cleanliness in slaughterhouses 
and on dairy farms; during the intervening years the condi- 
tions formerly complained of have been very generally 
corrected . 

In America at least, the sanitary conditions surrounding 
the production and handling of milk have been so greatly 
improved in recent y^ears, and are now so carefully and 
constantly safeguarded by the health authorities of most 
communities, that the consumer need no longer feel any 
special anxiety regarding the safety of the market milk 
supply. 

Under the United States meat inspection law. Federal 
inspection of animals for slaughter and of the sanitary con- 
ditions of handling meat, governs the operations of estab- 
lishments wUich engage in interstate commerce in meats or 
meat products. This inspection is quite thorough in most 
respects; but the Federal authorities have not found it fea- 
sible to include the microscopic examinations w’hich would 
be necessary to exclude pork which is infested with trichinae. 
Xor have any local health officers, so far as w'e know. The 
consumer’s protection from trichinosis depends, therefore, 
on individual insistence upon very thorough cooking of the 
flesh of swine in whatever form it is eaten. (Current reports 
of frequency of trichinosis indicate that this precaution is 
not yet as fully appreciated as it should be.) 

Meat of locM origin, which has not been subject to Fed- 
eral inspection, must, of course, depend upon local standards 
for its sanitary saf guards. 
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In former years there was controversy as to what pre- 
ser\^ative substances might be added to foods and under 
what conditions. The question (or group of questions, — for 
each preservatwe should of course be judged individually 
after investigation of its own merits) was studied in con- 
siderable detail by the United States Department of Agri- 
culture, both in its laboratories in Washington and through 
consultants working in their own laboratories in several 
universities; and the rulings based on the findings of-the^ 
investigations have been followed for nearly a generation in 
the enforcement of the food laws without giving rise to any 
serious difference of legal or scientific opinion. Hence the 
question of preservatives may presumably be regarded as 
having been settled in the sense that it need no longer be 
carried as anxiety in the mind of the consumer, or bias 
one's choice of food. 

Spray residues on fruits and vegetables constitute, how- 
ever, a somewhat analogous problem which is not yet (1940) 
settled in the same sense. The problem is most prominent 
in the case of the apple, which tends to retain, on its surface 
and especially in the depression around the stem and in the 
roughness of the blossom end, an appreciable amount of the 
dry residue of the insecticides and fungicides with which it 
has been sprayed for the protection of the crop. Until less- 
toxic sprays or more thorough methods of commercial 
washing to remove spray residues are introduced, it may be 
wise for the consumer either to reject the entire skin of 
sprayed fruits and vegetables or to scrub very thoroughly 
in washing such foods before eating, and also to remov^e by 
means of a knife all parts which cannot be effectively 
reached in scrubbing. 

The sanitary hazards of present-day food supply are 
therefore not of such nature as to interfere seriously with the 
choice of foods for their nutritive values. 

F<x>d allergies which render the people afflicted with them 
abnormally sensitive to one or more foods w’^hich are per- 
fidy wholesome to normal people may seriously handicap 
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food choices in relatively rare cases. The services of a 
physician who specializes in allergy may be required to 
determine whether a person w’ho thinks he “can’t eat” some 
important article or type of food is suffering from a real 
allergy’ or only from an aversion or a w’him. 

In the vast majority of cases the dominant limitation 
upon the choice of food is lack of money to buy as much 
as all members of the family would like to eat of the foods 
of their choice. Here, education in the newer aspects of the 
nutritive values can do much to assist the individual or the 
family to get the maximum of satisfaction for the food 
expenditure, as we have sought to explain in the preceding 
chapter amd the earlier pages of this one. 

Further Consideration of Consumer Demand and the 
Consequent Adjustment of Food Production 

There need be no fear about the ability of our farms to 
supply the extra fruit, vegetables, and milk that will be 
called for as more and more consumers shift the emphasis 
of their food choice in the direction which our newer knowl- 
edge of nutrition indicates. 

We are informed by experts of the United States Depart- 
ment of Agriculture that the farmers of this country could 
readily increase many-fold their present production of prac- 
tically any fruit or vegetable for which there is sufficient 
growth of consumer demand. Land and labor formerly 
devoted too exclusively to the growing of cotton, and fcff 
which “diversification” is now universally recognized as 
needed on grounds of business economics in any case, may 
well be devoted, in part or in rotation, to the growing of 
anall fruits, melons, and fresh v^etables (often referred to 
in agricultural and economic terms as “truck crops”). Here 
there is an enormous potential resource for the meeting of 
a growing market demand for fruits and vegetables; and the 
growth of such consumer demand will be favorable to the 
farmer in two ways, by relieving him from financial depead- 
mce upon a single cadi crop and by greatly improving ti» 
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home-grown food supply of the farm family. (The farmer’s 
children cannot eat surplus cotton; but they can eat surplus 
cantaloupes, or greens, or tomatoes, or any of many other 
fruits and vegetables, with great benefit.) 

Moreover, according to the findings of Dr. 0. E. Baker 
of the United States Department of Agriculture, fruit occu- 
pies only from 1 to 2 per cent, and vegetables only about 
4r per cent of the crop acreage in this country, so that pro- 
duction of both could be doubled or trebled without affecting 
the returns from other crops to any serious degree. 

Some regions and some breeds of cattle are adapted to 
the production of meat and others to the production of milk; 
but it is also true that there are enormous areas of our most 
productive farm lands which can and do produce both meat 
and milk efficiently, and shift their emphasis toward the 
one or the other “according to the market,” i.e., to the 
consumer demand. 

There are also other regions in which the most profitable 
agricultural alternatives are meat on the one hand and some 
fruit or vegetable on the other: e.g., apples in the North- 
west; and lettuce in Colorado, where they still speak of the 
partially converted cattlemen “who want to sow their 
lettuce-seed from the saddle.” 

The Federal agricultural experts have also made careful 
estimates of the relative amounts of human food produced 
by a given acreage of farm land, with separate conadera- 
tion of plowed land and pasture land when animal produc- 
tion is involved. To enter fully into this important study of 
our present and potential food production resources would 
lead beyond the scope of this book. It suffices for our present 
purpose to say that fruits, v^etables, and milk are more 
advantageous crojos for the farmer to produce than are their 
usual alternatives, so that the increasing emphasis upon 
these foods can not CHily be easily met by our farmers but 
will also be distinctly helpful to the normal evolution of 
American agriculture. 

Whatever part political policy or statesmanship may play. 
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the science of nutrition will increasingly serve human prep- 
ress through am ever better informed and more intelligent 
consumer demand in the daily choice and use of food. 

This daily use of our science, — alike to ''illuminate the 
mind''’ and to “ameliorate man’s estate,” — ^is an opportunity 
and a responsibility in which each of us has a share. 

EXERCISE 

Write your own supplement to the foregoing discussion of how 
to make nutritional knowledge more effective. 
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FATTY ACIDS 

With few if any exceptions the fatty acids of natural fats con- 
tain even numbers of carbon atoms; for both their building-up 
and breaking down processes go on mainly, if not entirely, by 
steps which add or remove a two-carbon “link” at a time. 

Also these fatty acids belong, so far as known, to one or an- 
other of five series: the saturated series, of which stearic acid is 
an example, in which the molecule has no “double bond”; the 
series which includes oleic acid, which is unsaturated to the extent 
of one double bond in the molecule; and three further-unsatura ted 
series with, respectively, two, three, and four double bonds in 
the molecule. 

All statements regarding the occurrence of fatty acids in fats 
are to be understood as meaning that the acid occurs as glyceride 
(triglyceride) , perhaps accompanied by a trace of the same add 
in a free state. 


Saturated Fatty Acids 

The saturated fatty acids constitute an homologous series of 
the type formula CnH2n02. The nutritionally important members 
of this series are: 

Bidyric acid, CH3 (CH2)2 COOH (or more simply written 
C4H8O2), occurring chiefly in butter- fat of which it constitutes 
about 5 to 6 per cent; 

Caproic cu:id^ C6H12O2, occurring in milk fats and coconut oil;* 

Caprylic acid, C8H16O2, which also occurs in milk fats and coco- 
nut oil; 


*As the mdting point of coconut fat lies between ordinary tempanate aiwi 
temperatures, this commodity is an oil as ^pi>ed from the Tropics which 
produce it while it is a soft solid when it appears in such markets as London and 
KewYcark. 
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Capric add, C10H20O2, occurring in the fats of milk (butter), 
of the coconut, and of the spice bush; 

Laurie acid, C12H24O2, which occurs in butter, coconut and 
palm oils, and in higher proportion in the fat of the spice bush; 

Myristic acid, Ci4H2s02, which also occurs in the fats just 
named, and in small proportions in many plant and animal fats; 

Falmitic acid, C1SH32O2, -which occurs widely and abundantly 
in both animal and vegetable fats; and 

Stearic acid, CisHssOs, w’hich also is widely distributed in both 
plant and animal fats, more abundantly in the hard fats of both 
groups. (While stearin as a scientific term is the name for the 
individual chemical substance, glyceryl tristearate, the triglyc- 
eride of stearic acid alone; the harder portion of a fat as pressed 
industrially may in commerce be called its stearin, e.g., “beef 
stearin,” “cottonseed stearin,” etc.). 

Unsuturafed Fatty Acids 

The best known fatty acids of the series CnH2n-202 are: 

Oleic acid, CisHmOs, which occurs in nearly all fats and fatty 
oils; and 

Erucic acid, long known as occurring in the seed fats 

of the cruciferous plants such as commercial rapeseed and 
mustardseed oils, and more recently found to occur also in marine 
animal oils. 

Acids of the series CnH2n-402, CiiH 2 n- 602 , and CiiH 2 n -802 are 
illustrated respectively by linoleic acid, C18H32O2; linolenic acid, 
C18H30O2; and arachidonic acid, C20H32O2. These are the best 
known members of their respective series; but probably many 
others exist in nature. It is also quite probable that these well- 
established names may sometimes be applied inadvertently to 
unidentified isomers as well as to the individual substances origi- 
nally isolated and named . 

In the earlier chemical investigations of natural fats smai 
amounlB of th^e highly unsaturated fatty acids were doubtl^ 
often overlooked. Now that their apparent nutritional importance 
is stimulating re-investigation they are being found more widely 
distributed than previously reported, and new members are bdng 
added to this group. 
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Table 25. — ^The Chief Digestive Enzymes and Their Actions 


Enzymes 

Secreted By 

Action 


Ptyalin (salivary 

Salivary glands 

Converts starch to 


amylase) 


maltose 


Amylopsin (pancre- 

Pancreas 

Converts starch to 


atic amylase) 


maltose 

Act on 

Invertase (Sucrase) 

Intestinal mucosa 

Converts sucrose to 

Carbo-^ 



glucose and fruc- 

hy- 



tose 

drato 

Maltase 

Intestinal mucosa 

Converts maltose to 




glucose 


Lactase 

Intestinal mucosa 

Converts lactose to 




glucose and galac- 




tose 

Act on 1 

f Lipases 

Gastric mucosa and 

Split fats to fatty 

Fafe \ 

1 

[ 

pancreas 

adds and glyc- 
erol 


Pepsin 

Gastric mucosa 

Splits proteins to 




proteoses and 
pq) tones 

Act on 

“Trypsin" (actually 

; Pancreas 

Splits proteins to 

I^no- ^ 

a group of en- 


proteoses, pep- 

tdns 

zymes) 

i 

tones, polypep- 
tide, and amino 




adds 


“Erepsin*’ (actually 

Intestinal mucosa 

Splits peptones to 


a group of en- 


amino adds and 


^ zymes) 


ammonia 
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COMPOSITION AND NUTRITIVE 
VALUES OF FOODS 

In. the tabulation which follows the data are given uniformly 
for lOO-gram portions of edible material: first is given the physical 
dimensions in terms of the most convenient household measure, 
and then the total energy value in Calories per 100 grams of the 
edible portion (E.P.); the protein, fat, carbohydrate, calcium, 
phosphorus, and iron contents are given in percentage; ascorbic 
acid iu milligrams, thiamin and riboflavin in micrograms (some- 
times called gamma, y), and vitamin A values in International 
Units, per lOO grams of food. 

Table 26 includes the dimensions, energy values, and per- 
centages of protein, fat, and carbohydrate. 

Table 27 shows the calcium, phosphorus, iron, ascorbic acid 
(^dtarain C) , thiamin (vitamin Bi), riboflavin (vitamin B 2 or G), 
and vitamin A values. 

In constructing these tables we have sought to give due weight 
at every point to all the evidence which was available in Novem- 
ber 1 939, including many data in course of preparation for publica- 
tion which we were enabled to consult through the courtesy of 
Dr, "XL S. Rose and Dr. A. W. Thomas among other Columbia 
colleagues; and of Dr. L. E. Booher and Dr. H. E. Munsell of 
the Bureau of Home Economics, United States Department of 
Agriculture. 

The guidance of such previous compilations as those of At- 
water, Bryant, Langworthy, Chatfield and Adams in the publica- 
tions of the U. S. Department of Agriculture, the well-known 
tabl^ of Mr^. Rose and of Mrs. Waller, and the recent compila- 
tions of vitamin values by Bessey , by Eddy and Dalldorf , and by 
Williams and ^ies, is gratefully acknowledged. Where <&• 
orepandes between the data of su^ authorities are too large, or 
iiiiml^rs of observations too small, or the natural variability cf 
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the material too great, to permit confidence in a single average 
fio-ure at present we have either left a blank space which the 
reader may fill in the light of later knowledge, or have indicated 
a range not of extreme variation but of what now appears reason- 
able probability. The data thus summarized in Tables 26 and 27 
represent much study of the available evidence. To attempt to 
indicate all sources of evidence would require a prohibitive 
amount of space. 



Tablb 26.~Protein, Fat, and Cakuouydrate Content and liNEKCV Value of Foods: 
Expressed per 100 Grams of the Edible Material 
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Tablb 26— Protein, Fat, and Carbohydrate Content and Energy Value of Foods; 
Expressed per 100 Grams op the Edible Material {Conlmued) 
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Table 26,“-Protein, Fat, and Carbohydrate Content and Energy Value of Foods: 
Expressed ter 100 Grams of the Edible Material ( Continued ) 
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Table 26.»-PROTErN, Fat, and Carbohydrate Content and Energy Value of Foods; 
Expressed per 100 Grams of the Edible Material {Conlimied) 
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Table 26— Protein, Fat, and Carbohydrate Content and Fnercjv Value of I’oods: 
Expressed per 100 Grams of the Edible Material (Continued) 
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Table 26. — Protein, Fat, and Carbohydrate Content and Fnkrgy Vaiaje oi** Foods; 
Expressed per 100 Grams of the Edible Material {Continued) 
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Table 26.-*-Protkin, Fat, and Carbohydrate Content and Energy Value of Foods: 
Expressed per KK) Grams of the Edible Material (Conlinued) 
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Table 26.— Protein, Fat, and Carbohydrate Content and Energy Value of Foods: 
Expressed per 100 Grams of the Edible Material {Continued) 











Tablb 26.— Protein, Fat, and Carbohydrate Content and Energy Value of Foods: 
Expressed per 100 Grams of the Edible Material {Continued) 
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Tablk 26.— Protein, I'at, and Carhoiiydrate Content and Energy Vaiaie of Foods; 
Expressed per 100 Grams of the Kdiude Materiai. { Couliuiicd ) 



369 



Table 26.---Protein, Fat, and Carbohydrate Content and Energy Value of Foods: 
Expressed per 100 Grams of the Edible Material iConiinued) 
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Table 27.— Estimated Apekoximatk Averages for wSome of the Mineral Elements and V'itai^iin Values of 1hk)I)s: 
Amounts, in the Terms Shown at the Heads of Tim Rksfectivk Columns, fjsu 100 (ikAMs ICdiiile Portion { Coniiuucd ) 
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(4) A plus mark (+) moans present In significant amount, but not measured as to quantity (++ and dH-+ indirale more). 
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(4) A plug mark (+) means present In significant amount, but not measured 



Iablb 27.— Estimated Approximate Averages for Some of the Mineral Elements and Vitamin Values of Foods: 
Amounts, in the Terms Shown at the Heads of the Respective Columns, per 100 Chums Edible Portion { Couiir . ucd ) 


Vitamin A 
Vaiaiic 

Inlernational Uuiis 

35-60 
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13,000-27,000* 
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< .2 

c a 

5 w 

inicronrams 

150-220 
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Cauliflower 

Celery stalk 

Chard 

Cheese, Cheddar type 

cottage, skim 

cream 

Parmesan 

Roquefort 

Swiss 

Cherries, canned 

fresh 

Chestnuts 

Chicken 

Chocolate 

Clams, long 

round 
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(4) A plus mark (+) means present in significant amount, but not measured as to quantity C+ + and + + + indicate more). 

*** Data for “Greens'* (Table 18) used for Chard, Dandelion, Escarole, Kale, Mustard greens, Spinach, and Turnip toi)s. 

The relati’^aly few date for Cheddar type, Parmesan, and Swiss cheeses are here averaged together, as to riboflavin content. 
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Cocoa, beverage* 

Coconut, dried 

fresh 

Coconut custard pie 
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Table 27 .—Estimated Approximate Averages for Some of the Mineral Elements and Vitamin Values of Foods: 
Amounts, in the Terms Shown at the Heads of the I^spkctive Columns, per 100 Grams Iu)ible Portion { Confinuvd ) 


Vitamin A 
Vauik 

Inkrnalional Units 

10»20 
(10 20) 

2.000- 2,500 

1.000- 1,500 
15-50 

13.000- 27,000* 
60-300 
20-100 

1.000- 2,000 
trace 

2,500-5,000 

13.000- 27,000^ 

Riuoflavin 
i (Vitamin G) 

micrograms 

(120-180) 

(150-200) 

ISO 

280-420 

150-300 

380-750 

235 

75-400 

Thiamin 
(Vitamin Bi) 

micrograms 

+ 

(25-35) 

(30-40) 

90 

150-225 

60-100 

40-100 

140-160 

trace 

350-440 

99 

Ascorbic Acid 
(Vitamin (') 

milligrams 

10-13 

(5-10) 

1- 1.5 

1-2 

2- 13 

15-20 

5- 40 

1-9 

10-14 

6- 10 
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Food 

Crackers, graham 

white 

Cranberries 

Cranberry sauce 

Cream, thick (40% fat) 

thin (18.5% fat) 

Cucumbers 

Currants, dried 

fresh, red 

Custard pie, see Coconut 

Dandelion 

Dates, dried 

Eggplant 

Eggs 

Egg white 

Egg yolk 

Endive 

Escarole 
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(4) A plus mark (4-) means present in significant amount, but not measured as to quantity ( + -f and +-f + indicate more). 
^ Data for Greens (Table 18) used for Chard, Dandelion, Escarole, Kale, Mustard greens, Spinach, and Turnii) tops. 




(4) A plug mark {+) meang pregent In significant amount, but not measured aa to quantity {++ a„d + + + indicate more). 



Table 27.— Estimated Approximate Averages for Some of the Mineral Elements and Vitamin Values of Foods: 
Amounts, in the Terms Shown at the Meads of the Respective Columns, per 100 Grams Edible Portion {Continued) 


Vitamin A 
Valuk 

International Units 
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55 
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(10) 
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96 
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(V itamin C) 

milligrams 
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Hominy 

cooked 

Honey 

Huckleberries, See Blueberries 

Ice Cream** 

Kale 

Kidney 

Kohlrabi 

Lamb, chop 

leg of 

Leeks 

Lemon (or juice) 

Lentils, dry 

Lettuce, headed 

loose leaf 

Liver 

Lobster 


378 


(4) A plus mark (+) means present in significant amount, but not measured as to quantity C + d- and d--}--!- indicate more). 
^ Data for “Greens’* (Table 18) used for Chard, Dandelion, Escarole, Kale, Mustard greens, Spinach, and Turnip tops. 

♦♦ May vary between the values here given and those of the fruits which it may contain. 



Tabi,b 27.— Estimatbd Approximatb Avbrages for Some of the Mineral Elements and Vitamin Values op Foods; 
Amounts, in the Terms Shown at the Heads of the Respective Columns, per 100 Grams Edible Portion { Continued ) 


Vitamin A 
Value 

International Units 

1,000-2,000 

160-225 

300-4S0 

1,300-1,800 

++ 

(250) 

(80) 

200-2.400 

Riboflavin 
(V itamin G) 

tnicrograms 

200-260 

55 

195-240 

330 
+ + + 
1,300-1,900 
500 

115 

75 

75 

Thiamin 
(V itamin Bi) ' 

micrograms 

(sio) 

25-50 

+ 

40-100 

40-65 

50-80 

375 

315 

340 

15-20 

90-120 

100-200 

50-65 

Ascorbic Acid 
(V itamin C) 

i 4- ^ 
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1 + - 

Iron 
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Food 

Loganberries 

Macaroni, cooked 

dry 

Mackerel 

Mangoes 

Maple syrup 

Mayonnaise 

Milk, cow’s 

evaporated 

dry skim , 

dry whole 

malted 

Molasses* 

Muffins (made with egg) 

whole wheat 

Mushrooms 

Muskraelon. 
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Table 27.--Estimated Approximate Averages for Some of the Mineral Elements and Vitamin Values of Foods: 
Amounts, in the Terms Shown at the Heads of the Respective Columns, per 100 (jRams Iuhble Portion {Continued) 





’♦‘Data for Greoua (Tablo 18) used for Chard i Dandelion, Escarole, Kale, Mustard greens, Spinach, and Turnip tops. 




3S1 


(4) A plui mark (+) meaiw prencnt in significant amount, but not measured as to quantity (++ and + + + indicate more). 



Table 27 .— Estimated Approximate Averages for Some of the Mineral Elements and Vitamin Values of Ihiods: 
Amounts, in the Terms Shown at the Heads of the Respective Columns, per 100 Grams Edible Portion {Continued) 


Vitamin A 
Value 

International Units 

30-50 

400-2,400 

(100-800) 

+ + 
300-400 
“negligible'’ 
10-100 

130 

100 

50-100 

20-600 

20-600 

25 

Riboflavin 
(V itamin G) 

micrograms 

40-80 

50-650 

(20-200) 

100 

100-120 

125 

+ 

200 

Thiamin 
(V itamin Bi) 

micrograms 

+ 4** 
95-165 
175-225 
(60-80) 

35-45 

50-100 

100-200 

<25 

<25 

240-300 

30-40 

+ 

+ 

90 

<30 

Ascorbic Acid 
(V itamin C) 

milligrams 

7- 15 

0-8 

(0-2) 

5 

12-20 

8- 15 
(8-15) 
12-24 

0-10 

Iron 
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Pork sausage 

Potatoes 

Prunes, dried 

dried, stewed 

Pumpkin 

Pumpkin pie 

Radishes 

Raisins 

Raspberries 

Raspberry juice 

Rhubarb 

Rice, entire 

white 

white, cooked 

Rutabaga, See Turnip 

Salmon, fresh 

canned 

Sardines, canned 

Sauerkraut 


3S2 


(4) A plus mark (+) means present in significant amount, but not measured as to quantity ( + + and +-f + indicate more). 
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Table 27 , — Estimated Approximate Averages for Some of the Mineral Elements and Vitamin Valdes of Foods; 
Amounts, in the Terms Shown at the Heads of the Respective Columns, per 100 Grams Edible Portion { Ciwiinunl ) 
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(4) A plus mark (4*) means present in significant amount, but not measured as to quantity and + 4 . 4 - indicate more) 
* Data for Greens (Table 18) used for Chard, Dandelion, Egcarole, Kale, Mustard greens, Spinach, and Turnip tops. 
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Appendix D 


PRINCIPAL ACIDS OF TYPICAL FRUITS 

Table 28 shows the percentages of the chief acids as determined 
in typical fruits by Hartmann and Hillig (/. Assoc, Official 
Agricultural Chemists 17, 522-531). 

Table 28 . — Percentages of Certain Acids. in Fruits 


Citric Acid 
percentage 

Apples 

Crab 0.03 

Delicious None 

Grimes Golden None 

Jonathan None 

McIntosh None 

Yellow Transparent 0.02 

Cherry, Montmorency, canned None 

Currant, canned 1.92 

Ckapefruit 1 . 33 

Lanon (juice) 6.08 

Lc^anbmy, canned 1.82 

Orange, Florida 0.92 

Pear, Bartlett, canned. ....... 0.42 

P^Lch, Palora, caimed 0,05 

Pineapple 0.77 

Plum, California .* 0.03 

Damson None 

Qmnce 

Raspberry, Black, canned 0.81 

Red, canned. 1. 28 

Strawberry, Everbearing 1.08 

Tomato 0.47 



Appendix E 


SIMPLE STATISTICAL TREATMENT OF THE 
DATA OF NUTRITION INVESTIGATIONS 

In quantitative scientific work, whether experimental or ob- 
servational, it is important not only to bring the data of experi- 
ments or observations into comparable numerical form but also 
to measure, as definitely as may be, the validity of the mean 
results obtained. 

In most modern laboratory courses in physics or in quantita- 
tive analysis, the student is taught to compute for a series of 
measurements or determinations some measure of the precision 
of the mean result. The 'precision measure thus taught in connec- 
tion with physics and chemistry may or may not be exactly the 
same as the classical frohahle error which is so much used in the 
statistical analysis of observational data (as in economics, soci- 
ology, and public health work) and which is equally applicable to 
the results of laboratory experimentation. 

Investigations in the chemistry of food and nutrition, especially 
since the use of laboratory animals in the study of food values 
and nutrition problems has become (X)mmon, often deal with data 
which involve both the errors of measurement which apply to all 
laboratory work and also the physiological or individual vari- 
ability of the experimental animals used — both prmsion of meas- 
urement in the ordinary laboratory sense and the elanaits of 
biometrics or of vital statistics as well. 

As a matter of fact these two kinds of errors are not so distinct 
as the ordinary statement of them might seem to imply, the 
“errors"' (variations) in a series of “purely physical"' m^sure- 
ments being largely due to physiological variations such as those 
of eyesight and steadiness of hand in the measurer or measurers. 
Without elaboration of this consideratiott, however, it suffice for 
our pr^ent purpose to emphasize the fact that the particular form 
of precision measure known as probable error (P.E., E., or p. e.) 
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APPENDIX E 


is applicable to the ascertainment of the degree of certainty or 
trustworthiness of the result of an investigation whose data are 
subject to either or both of these kinds of errors or variations. 
And the computation of the probable error yields incidentally a 
measure of the variability of the data which (expressed usually in 
the form of standard demation or coefficient of variation) is often 
of added value in the interpretation of the results. 


Standard Deviation 
Mean 


X 100 = Coefficient of Variation 


Jevons in his Principles of Science has given the following con- 
cise rules for the computation of probable error,* and definition of 
the value thus found: 

Probable Error t 

‘'The following are the rules for treating the mean result, so 
as thoroughly to ascertain its trustworthiness. 

1. Draw the mean of all the observed results. 

2. Find the deviations of each result from the mean. 

3. Square each of these deviations. 

4. Add together all these squares, which are of course all 

positive. 

5. Divide by one less than the number of observations.}: This 

gives the square of the mean error. 

6. Take the square root of the last result; it is the mean error 

of a single observation. (Also called Standard Deviation.) 


♦The term probable error (like many other technical terms) may be regarded 
as mcxe or less of a misnomer, and partly on this account some writers are in- 
cited to criticize and minimize it. But the term is so well established that even 
ridicule seems hardly likely to displace it, and whatever the ambiguity of the 
term * ‘probable error" the amceptkm is one of very great importance -which can 
and should be clearly understood by all students of science. 
tjevons’ Trinciples of Science, page 387. 

|In the fifth of the numbered steps above quoted from Jevons, there is a 
difference of usage as to w’hether the division indicated therein shall be by the 
isiuiiber of ol^ervations or one less than this number. (That is by a divisor which 
repr^ents. (1) the number of objects observed, or (2) the number of intervals 
which one would have if these objects were set up in a row, “in array," for the 
purpose of oh^uving the extent to which they differ.) This difference should never 
appreciably affect the conclusions drawn, for if there were one hundred observa- 
tions the probable error would be affected to the extent of only one hundredth of 
its numerical value whereas the differences which one would be concerned to 
interpret would usually be relatively larger. The larger the number of ot^erva- 
tions the smaller the influence of this deviation of usage, and as the validity of this 
or any other precimon measure is dependent upon the number of observations 
being large enough bo ensure a “fair sample” of the data concerned, it is only when 
the number of observations is fairly large that it is worth while to compute the 
error. For full discu^ons of the gathering of data, the judgment of thdr 
adequacy for statistical treatment, and related problems see Chaddock's Frind^es 
and Methods of Staiistics. 
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7. Divide now by the square root of the number of observa- 

tions, and we get the mean error of ike mean result, 
(Standard deviation of the means.) 

8. Lastly multiply by the natural constant 0.6745 (or even by 

and we arrive at the probable error of the mean result. 
'The probable error is taken by mathematicians to mean the 
limits within which it is as likely as not that the truth will fall.”' 

The advantage of computing the probable error rather than 
some other precision measure has been mentioned above. So far 
as concerns applicability to different types of data, one might 
equally well use the mean error omitting the final step in the cal- 
culation, which consists simply in multiplying this by a constant. 
The probable error has, however, the added convenience oyer the 
mean error (1) of being easily and simply defined in words as the 
limits within which it is as likely as not that the truth will fall; 
(2) of easy statement of the numerical likelihood of finding the 
truth within such wider limits as may be selected, and of the likeli- 
hood as to whether or not the difference between the means of two 
series of observations or measurements is a real or an accidental 
difference. 

The probable error of the difference between two means is the square 
root of the sum of the squares of their respective probable errors. If 
the difference between two means were exactly the same as the 
probable error of this difference, then the chances would be ex- 
actly even as to whether the difference were a real or an acci- 
dental one; but if the difference were three times its probable 
error, then (assuming that the sampling was adequate and the 
data of such a nature as to make the rule applicable) the chances 
would be better than 20 to 1 that the observed difference was a 
real one and not attributable to accident or to individual vari- 
ations. 

A probable error is significant only in connection with the mean 
or the difference to which it applies. 

Rietz and Mitchell* summarize as follows the rapidly ino-^^g 
probability of the validity or reality of a finding or a difference 
according as the difference of two means is found to be equal to or 
several times greater than its probable error. They say: 

"The exfK>nential equation affords us a means of determining 

*Rietz MitchieU,, Jountal of JBtological Vbl. S, ^5. Thife 

tsaper as a whole argues strongly for the genial applicability of Gauss s 
l^ior, and the rules derived from it, to the interpretation of tte nutat^ 

ejqjerimeuts. A relatively skeptical view is presented hy WB^n. * 

page 93 (August 10, 1923). Chaddock in his Frinoi^ tmd 
jg^ves full a nd judicial discussioiis both of the uses and of pcwsbSe uiKt^ses antt 
Kmitations of the ordinary statistical methods. 
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not only certain limits within which the probability is one half 
that a deviation will fall, those set by the probable error, but 
also with what probability we may expect a deviation not to 
exceed any assipied limit. Thus, taking limits that are multiples 
of the probable error, Gauss’s Law of Error enables us to assert 
that, for variates that follow this law, the chances that another 
random observation or the mean of any equal random sample will 
fall within the range =*= E, ± 2E, etc., are as follows: 


E the chances are 
sfc 2E the chances are 
=fc= 3E the chances are 
=i= 4E the chances are 
=fc= 5E the chances are 
=±= 6E the chances are 
7E the chances are 
8E the chances are 
9E the chances are 


even 
4.5 to 1 
21 to 1 
142 to 1 
1,310 to 1 
19,200 to 1 
420,000 to 1 
17,000,000 to 1 
1,000,000,000 to 1 


“I t is improbable, therefore, that the deviation of another random 
observation will exceed the probable error many times.” 

Applicabiliiy. It is presumably not necessary to remind the 
reader that all these considerations apply only to '‘chance” or 
“cx)inpensating” errors and to normal individual variations; not 
to “constant” or “cumulative” errors or errors due to the use of 
incorrect methods or to biased or inadequate sampling. A more 
picturesque way of making the distinction is the statement that 
the Law of Error “applies only to errors and not to mistakes.” 

This distinction being kept clearly in mind, there still remains 
the question as to how closely one may expect the chance varia- 
tions of any given kind of data to approximate the ideal of the 
perfectly symmetrical frequency distribution for which alone the 
above rules and ratios hold strictly and precisely true. 

For critical discussions of this problem the reader may refer 
to the papars of Rietz and Mitchell and of Wilson and the 
textbook of Chaddock already cited as well as to many other 
bcKDks on statistical method written from various points of view. 

Of special significance to the student of nutrition is the fact 
that variations which result from a multiplicity of causes, which 
plainly include the individual variations encountered in nutrition 
experiments, have quite regularly been found to approximate 
dosely to the ideal distribution when studied on suffidait 
numbers of ca^s; from which it follows that the computation 
of probable error by the method above cited and its use as here 
indicated in the interpretation of findings and differences is in 
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full accord with our best scientific knowledge. But unless or 
until it be actually demonstrated that the particular data at 
hand do show a symmetrical frequency distribution, the com- 
puted probable error should be taken as an indication or approxi- 
mation rather than as a precisely determined value to be stated 
dogmatically to several significant places of figures. 

And always it is to be remembered that, in the interpretation 
of the data of nutrition research, statistical analysis is an impor- 
tant aid to, not a substitute for, good judgment. 
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THE PLANNING OF DIETS IN TERMS OF 
TWELVE FOOD GROUPS 

Several government publications follow a plan of dietary dis- 
cussion which divides all articles of food into a dozen groups 
as follows*: (1) milk and milk products; (2) potatoes and sweet- 
pK)tatoes; (3) dry, mature beans, peas, and nuts; (4) tomatoes 
and citrus fruits; (o) leafy, green, and yellow vegetables; (6) other 
v^etables and fruits; (7) eggs; (8) lean meat, poultry, and fish; 
(9) flours and cereals ; (10) butter; (11) other fats; (12) sugars. 

A dietary can then be planned in terms of so much food from 
each of the twelve groups, and it is considered that entire 
freedom may be exercised (according to preference, price, etc.) 
in choosing within each food-group without seriously endanger- 
ing the nutritional character of the whole. 

Thus the Stiebeling and Clark recommendations for good low- 
cost food supplies for people of different ages and activities, 
tabulated in Table 29 herewith, are formulated in terms of these 
twelve food groups. This table could readily be made the basis 
for an estimate of the food needs of any family whose members 
axe known, and the yearly figures reduced to any other time 
basis desired. Such a plan need not mean a monotonous diet; 
for many of the food groups are so broad as to provide for widely 
varied choices from time to time. Seasonal differences in the 
markets will often permit savings in cost at the same time that 
the desire for diversification of diet is being gratified. 

As offidally stated in the Yearbook,** its dietary recommenda- 
tians (induding those here reproduced as Table 29) “are not to 
be considered as ideal. Some nutritionists would undoubtedly 
go t^yond them in certain respects. But the recommendations 

’♦nrhe sarticular wording and sequence here given is quoted from page 35 d 
tl^ 1939 Yearbook of the U. S. Dept, of Agriculture. 

S. Dept. Agriculture Yearbook for 1939, “Food and Life,” imge 36. 

m 
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are based not only on what is desirable, but on a pains taking^ 
study of existing American food habits . . . (and) take these 
habits into consideration instead of recommending what might 
be ideal but not in line with our habits.” Keeping in mind this 
clear, official statement of the fact that the Federal recom- 
mendations do not fully represent the teaching of the newer 
knowledge of nutrition but are intentionally placed somewhere 
between the fully scientific position and the current habit which 
we seek to improve, one should not be disconcerted (rather one 
might well expect) to find one’s own dietary practice or family 
food supply somewhat more fully representative of the modem 
views of nutrition than are the recommendations just cited. 

For reference and comparisons with the data of Exercises 
suggested in this book or of dietary illustrations in its text, 
there is here reproduced the suggestion for "A Good Low-Cost 
Diet” as tabulated on page 338 of the 1939 Yearbook of the 
United States Department of Agriculture. 



Table 29.— "A Good Low-Cost Diet” 

(Yearbook, United States Department of Agriculture) 


Family Member 


Kinds and Quantities of Foods for a Year 


Description 

Milk, 

Quarts 

Potatoes,! 

Sweet- 

potatoes, 

Pounds 

Toma- 

CitruB 

Fruita, 

Pounds 

Leafy, 

Green, 

Yeiiow 

Vege- 

tables. 

Pounds 

Mature, 

Dry 

Legumes, 

Nuts, 

Pounds 

Other 

tables. 

Fruits, 

Pounds 

Eggs, 

Dozen 

Lean 

Meat, 

Poultry, 

Fish. 

Pounds 

Flour,* 

Cereals, 

Pounds 

Butter, 

Pounds 

Other 

Fats, 

Pounds 

Sugars, 

Pounds 

Children under 2 years.; 

260 

80 

65 

80 

1 


18 


50 

7 


3 

Children 2 to 3 years...! 

365 

90 

65 i 

130 


40 1 

1 

22 

15 

80 

10 


7 

Boys: 






1 







4 to 6 years 

365 

100 

65 

130 

7 

75 

22 

25 

100 

15 


15 

7 to 8 years 

260-365 

120 

65 

180 

10 

100 

22 

65 

140 

20 

3 

25 

9 to 10 years 

260-36S 

130 

65 

200 

10 

140 

18 

80 

160 

20 

20 

40 

11 to 12 years 

260-365 

140 

65 

200 

IS 

140 

18 

90 

180 

20 

20 

40 

13 to IS years 

260-365 

160 

65 

160 

15 

175 

18 

100 

230 

20 

30 

50 

16 to 19 years 

260-365 

220 

65 

160 

15 

175 

13 

140 

310 

20 

40 

65 

Girls: 













4 to 7 years 

365 

100 

65 

130 

7 

75 

22 

25 

100 

15 


15 

8 to 10 years 

260-365 

120 

65 

180 

10 

100 

22 

65 

140 

20 

3 i 

25 

11 to 13 years. 

260-365 

130 

65 

200 

10 

140 

18 

80 

160 

20 1 

20 

40 

14 to 19 years 

260-365 

140 

65 

200 

IS 

140 

. j 

90 

180 

20 

20 

40 


Table 29,— "A Good Low-Cost Diet"— Conltnwed 
(Yearbook, United States Department of Agriculture) 


Family Members 


Kinds and Quantities of Foods for a Year 


Description 

Milk, 

Quarts 

Potatoes, 

Sweet- 

potatoes, 

Pounds 

Toma- 

toes, 

Citrus 

Fruits, 

Pounds 

Leafy, 

Green, 

Yellow 

Vege- 

tables, 

Pounds 

Mature, 

Dry 

legumes. 

Nuts, 

Pounds 

Other 

Vege- 

tables, 

Fruits, 

Pounds 

Eggs, 

Dozen 

Lean 

Meat, 

Poultry, 

Fish, 

Pounds 

Flour,* 

Cereals, 

Pounds 

Butter, 

Pounds 

Other 

Fats, 

Pounds 

Sugars, 

Pounds 

Men 20 years & over: 













Very active 

180 

300 

65 

160 

25 

175 

13 

160 

420 

20 

60 

80 

Moderately active. . . 

180 

160 

65 

160 

20 

175 

13 

130 

230 

20 

30 

65 

Sedentary 

260 

140 

65 

180 

10 

140 

18 

90 

160 

20 

20 

40 

Women 20 years & over. 













Very active 

180 

160 

65 

180 

15 

175 

18 

100 

230 

20 

30 

65 

Moderately active. . . 

180 

140 

65 

180 

15 

165 

18 

90 

180 

20 

20 

SO 

Sedentary 

260 

100 

65 

180 

10 

140 

18 

90 

120 

20 

20 

40 

In pregnancy. 

365 

140 

65 

250 

10 

200 

22 

90 

170 

20 

20 

40 

In lactation 

365 

170 

65 

250 

10 

200 

22 

100 

210 

20 

30 

50 


Is counted m equivalent to two-tblrdB Ita weight of flour. 
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GLOSSARY* 

acidosis: any condition in which the body’s alkaline reserve is 
depleted; may result from abnormal loss of alkaline salts 
from the body or (more commonly) from abnormal accumu- 
lation of acids. Term often used in restricted sense as 
synonymous with ketosis, defined below. 
acrod3mia: a disease of the skin, 
adipose: fatty. 

adrenal (suprarenal) glands : a pair of endocrine glands, one being 
situated above each kidney. 

adrenaline (epinephrine): a hormone secreted by the adrenal 
glands. 

alanine: one of the digestion products of proteins, 
alkaline reserve: the amount of potentially alkaline material 
available in the body to neutralize acids. Term often used 
in restricted sense as synonymous with the bicarbonate of 
the blood. 

allergy: a condition of unusual or exaggerated specific suscepti- 
bility to a substance which is harmless in similar amounts 
for most individuals. 

anorexia: lack or loss of appetite for food, 
api^tite ; the inclination or desire to eat; distinguished from hun- 
ger as the drive to eat. 

arginine: one of the digestion products of proteins, 
aspartic acid: one of the digestion products of proteins, 
atrophy: a wasting in size. 

base : a substance which combines with acids to form salts, 
bile: fluid secreted by the liver and poured into the intestine, 
buffer; a substance which tends to prevent or minimize a change 
in the reaction of a solution. 

’•Students please note that the Index should also be consulted. 
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calciferol: vitamin D2; a form of antirachitic vitamin produced 
by irradiation of ergosteroL 

calcification: the process by which tissue becomes hardened by 
a deposit of calcium salts within its substance, 
calorimeter: an instrument for measuring the heat change in 
any system; such as the bomb calorimeter which is used to 
determine the energy value of foods through measurement 
of the heat liberated during their oxidation; and the types 
of apparatus illustrated and discussed in Chapter IV by 
which is measured the heat production of the body, 
carotenes: yellow pigments having the formula C^oHse of which 
three modifications are known, alpha-, beta-, and gamma-’ 
carotene, respectively, each serving nutritionally as a pre- 
cursor of vitamin A. 
casein: the principal protein of milk. 

cephalin : a constituent of the brain; a substituted fat which 
contains phosphorus and nitrogen, 
cerebrosides (galactolipids) : constituents of brain and nerve 
substance which contain nitrogenous, fatty, and carbo- 
hydrate radicles. 

chlorophyll: the green pigment of plants, 
cholesterol: the principal sterol of animal origin, 
chyme: the partially digested material which the stomach passes 
on into the intestine. 

conjunctivitis: inflammation of the membranes which line the 
eyelids and cover the eyeball. 

connective tissue: a tissue holding together and in place other, 
usually more active, tissues, as, for example, muscle fibers or 
the cells of glands. 

constitution: an important but not well defined concept, perhap^s 
usually understood as meaning that inherited potentiality 
of health which one can impair but cannot enhance. Recent 
work in nutrition is enabling us to take a less fatalistic and 
more constructively scientific attitude toward the individual 
health-potentiality which is partly an inheritance and partly 
the result of nutritional conditioning both before and after 
birth. 

cysteine: the reduction product of cystine, which very imdily 
becomes reoxidized to cystine, 
cystine: one of the digestion products of proteins. 

deaminization: the process by which the amino group, -NHj, is 
split out of a molecule, as deaminization of amino acids in 
metaboKsm. 
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dermatitis: inflairmiation of the skin, 

electrol 3 rte : a substance which in aqueous solution breaks down 
into electrically charged particles known as ions, 
endocrine : secreting internally or into the blood stream; as endo- 
crine glands, or glands of internal secretion, 
environment: while usually suggesting surroundings, includes, 
by scientific definition, nutrition and any or all other 
enmronmental Jactors, that is, everything that conditions 
the life-process except the hereditary or genetic factors. 
See also Internal environment, 
enzyme: consult the Index for explanation in the text, 
epinephrine (adrenaline); a hormone secreted by the adrenal 
glands. 

ergosterol: a sterol found abundantly in fungi such as ergot and 
yeast and in very small amounts among the sterols of higher 
plants; on exposure to ultraviolet light of suitable wave- 
length it is converted into vitamin D 2 . 

flavin: yellow-green fluorescent water-soluble pigment. The 
flaviu of greatest interest in nutrition is riboflavin (vitamin 
G, lactoflavin, lactochrome). 

^utamic (glutaminic) add: one of the digestion products of pro- 
teins. 

^titaihione : a substance containing glutamic acid, cysteine, and 
glycine which is found in active plant and animal tissues 
and is believed to play an important part in the oxidation 
and reduction reactions of the cells. 

^ycane (^ycocoU) : one of the digestion products of proteins. 

hemeralopia: night blindness; condition in which a person sees 
more poorly at night or in a dim light than his normal 
vision would seem to warrant. 

hemoiJohm : the red protein found in the red blood cells; contains 
iron and is capable of uniting loosely with oxygen, 
hemorrhage: (1) a loss of blood; (2) any portion of blood which 
has escaped the blood vessels. 
histldiii.e: one of the digestion products of proteins, 
hoimoue: consult the Index for explanation in the text, 
hydroxyglutamic acid: one of the digestion products of proteins, 
hydroxyproline : one of the digestion products of proteins. 
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insalin: the active substance of the internal secretion of the 

pancreas. 

intercellular : between the cells. 

internal environment: the resultant-condition within the living 
body of all factors other than those which are directly 
hereditary. While most that has hitherto been written regard- 
ing the internal environment emphasizes its relative con- 
stancy, we are now learning that it is very importantly 
influenced by nutrition. 

in vitro: (literally ''in glass”) in a test-tube or other laboratory 
apparatus as contrasted with 
in vivo : in the living organism. 

ion: electrically charged atom or group of atoms such as is 
formed when an electrolyte is dissolved in water, 
irritability: the ability to respond to a stimulus, 
isoleucine: one of the digestion products of proteins, 
isomers : chemically different substances having the same 
empirical formula. 

keratin: a very insoluble protein which forms the base of epi- 
dermis, hair, and of all homy tissues, 
keratomalacia: softening of the cornea. 

ketosis : a condition in which , due to the failure of the body to 
complete the oxidation of fatty acids, there is an abnormal 
accumulation of socalled "ketone bodies” (acetone, hydroxy- 
butyric acid, and acetoacetic acid). 

lecithin: a substance having the molecular structure of a fat in 
which one of the fatty acid radicles is replaced by phosphoric 
acid carrying choline (a nitrogenous base) . 
leucine : one of the digestion products of proteins, 
longevity: length of life. 

lyane : one of the digestion products of proteins. 

matrix: the intercellular portion of a tissue, 
methionine : one of the digestion products of proteins. 

neutrality: the state of being neither acid nor alkaline, 
norleucine : one of the digestion products of proteins. 

organic : containing the element carbon; however, carbon dioxkie, 
carbonic acid, and the carbonatE^ and Mcarlxma^ sue not 
ordinarily regarded as orsanic. 
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‘‘original chromosomal endowment’’: the set of chromosomes 
'with, which the individual is endowed at conception, 
osmotic pressture: a physico-chemical property shown by sub- 
stances in solution . It is most clearly manifest in the phenom- 
enon of osmosis, which occurs when the solution is sepa- 
rated from pure water (or from a solution containing less of 
the dissolved substance) by a socalled semipermeable mem- 
brane, through w-hich can pass water but not the substances 
in solution. Under these conditions, water passes through the 
membrane into the (more concentrated) solution . 
oxidation: a chemical process involving the addition of the ele- 
ment oxygen to a compound, or the removal of the element 
hydrogen from the compound, or a chemically analogous 
change. 

oxidation potential: a measure of the property of inducing oxida- 
tive changes. 

petecHae : tiny hemorrhage-spots, as in the skin, 
phenylalanine: one of the digestion products of proteins, 
phosphate: salt of phosphoric acid H3PO4. Salts of the type 
BH2PO4 in which only one hydrogen has been replaced by 
reaction with base are called mono- or primary or acid 
phosphates; salts of the type B2HPO4 are called di- or 
seconddTy or bask, 

phospholipids (phospholipins, phosphatids) : substituted fats 
containing nitrogen and phosphorus, 
porecursor: a substance which is converted into another. For 
example, the carotenes are precursors of vitamin A, as 
explained in the text. 

proline: one of the digestion prcxiucts of proteins, 
prothrombin: a precursor of blood-clot. 

protcqriasm: the essential substance of both the cell body and 
nucleus of cells of animals and plants, regarded as the only 
form of matter in which the phenomena of life are mani- 
fested. 

provitamin : a substance which may be converted into a vitamin; 
thus, the carotenes are provitamins A, ergosterol is a 
provitamin D. 

mdicle: a characteristic constituent part of a substance; as the 
amino-add radicles in proteins. 



401 


GLOSSARY 


reduction: a chemical process involving the addition of the ele- 
ment hydrogen to a compound, or the removal of the ele 
STange'^^^ compound, or a chemically analogoi' 

rennin: the milk-curdling enzyme of the gastric juice 
ribose : a simple sugar containing five carbon atoms. * 


salt: the product of the reaction of an acid with a base 
seniUty: the state of showing the characteristics of old age 
serine: one of the digestion products of proteins ^ 

sterols: a chemically related group of fat-soluble substances of 
very complex molecular structure; the provitamins D are 
important members of this group of substances. 


tetany: a disease characterized by sudden, violent, involuntarv 
contraction of the muscles of the extremities, 
threonine: one of the digestion products of proteins, 
tonus (tone): a sustained state of partial activity such as exists 
in muscles at all times. 

Trichinae: nematode parasites, one of which, T. spiralis, is fre- 
quently found in a cyst in hog muscle. Human beings also 
may become infested with these parasites (the resulting 
disease being known as trichinosis) by eating undercooked 
pork from hogs so affected, 
tryptophane: one of the digestion products of proteins. 

(cosine : one of the digestion products of proteins. 

ultraviolet rays: rays of light of slightly shorter wave-length 
than visible light. 

urea: the principal nitrogenous end-product of the 
of proteins in the body. 


valine: one of the digestion products of proteins, 
xerophthalmia: a dry and lustreless condition of the eyeball. 
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Absorption, 30, 37, 41, 42, 44, 47 
Acetic acid, 117 

Acid(s), see under their individual 
names 

amino, 24-25, 47-48, 49, 90-107, 
169, 355 

categories of, 116 

fatty, 20-22, 240-241, 353-354, 355 
fixed, 115, 118-121 
of gastric juice, 39-40 
organic, 15, 115-117 
Acid-base balance in the body, 118- 
122 

of foods, 119-122 
Acidity, 110, 119-120 
Acidosis, 118, 396 

Activity, relations of, to nutritional 
needs, 104-105 

Address of the United States Phar- 
macopoeia Organization, 251 
‘‘Adequate dietat minimum cost, ”334 
“Adequate diet at moderate cost,” 
334 

Adipose tissue, 81, 82, 256 
Adjustment of food production to 
consume demand, 350 
Adrenaline, 91, 396 
Age and physique at collie aitrance, 
3 

“A good low-cost diet” planned in 
terms of twelve food groups, 392- 
395 

Al^tness as influenced by the vitamin 
A value of the food, 247-249 
Alkaline res^^e of the body, 1 19, 396 
Alkalinity, 110, 119-121 
AUotmmt of exp^diture for diffaient 
types of food, 322-337 
Almond, 358, 371 

American Medkal A^odation Comi- 
dl an Foods, 55-56 


Amino acids, 24-25, 47-48, 49, 90-107, 
169, 355 

“indispensable” or “nutritionally 
essential,” 91-97 
Amylases, 32, 355 

Amylopsin (pancreatic amylase), 32, 
355 

Analogy between the body and an en- 
gine, 56-57 

Analysis of foods, 25-26 
“Anchorage” factor in rickets, 269, 
276, 277 

Aneinia(s), 143-150 
Haden^s classification of, 143-145 
hemarrhagic, 144, 145-148 
hypochromic, 148, 149-150 
iron-deficiency, IM, 147, 149-150 
pernicious, 144, 148-149 
extrinsic factor in, 148 
intrinsic factor in , 148 
Animals as instruments of research in 
the problems of human nutritimi, 
6, 92 

“Animal starch,” see Glycogen 
“Anti-grey-hair factor,” 241 
Antihemorrhagic vitamin (vitamni 
K), 288-289 
Anticxddants, 286 

Antirachitic fact<»r, 270^283; see also 
Vitainin(s) D 

Antiscorburtks, see AsccH:bic arcM, 
vtomin C 
Antrum, 37 

Appetite, 80, 81, ^-83; see also 
Tfiianiin 

Apples, 18, 72,84, 117, 121, 139, 158, 
189, 197-198, 216, 264, 300, 358, 
371,386 

Aj^icabflity oi statktical iater|Hneta- 
ticm of data, 389-391 
Apricots, 358, 371 
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Arginine, 91 
Artichoke, 358, 371 
Ascorbic acid; see V’itamin C 
Ash, 15, 26; see also Mineral elements 
Asparagus, 195, 198 , 264, 265 , 358, 
371 

Atrophy of epithelial cells in vitamin 
A deficiency, 254 
Atwater bomb calorimeter, 69 
Atwater - Rosa - Benedict respiration 
calorimeter, 56, 57, 59-61 
Automobile engine analogy of body, 
57-58 

Avocado, 358, 371 
Bacon, 358, 372 

Bacteria, in relation to tooth decay, 
293, 294, 300-301, 302 
Balance of intake and output of the 
body, 101-103 

Bananas, 18, 72, 121, 158, 198, 216, 
231,264, 358,372 
Barley, 264, 358, 372 
Basal energy metabolism, 61-63, 80, 
86 

metabolic rate, 61-63, 80, 86 
metabolism, 61-63, 80, 86 
Beans, baked, 264, 358, 372 
dry, 71, 158, 264, 358, 372 
Lima, 358, 372 

Slap or string, 158, 195, 198, 216, 
264, 358, 372 

Be^, 120, 158, 159, 214-215, 216, 
231, 259, 272 
Beet(s), 158, 359, 372 
Beet greens, 138, 359, 372 
Beet sugar, 16; see also Sugar 
Beril^ri, 203-207 
references, 223-225 
Beta-lactose, 18 
Bev^ges, 11 

Bicycling, work of, as influencing food 
requirement, 77 
Bile, 33, 40 
duct, 33 

disease in relation to vitamin K, 
289 

salts, 289 
Biscuit, 359, 372 
Blackbaries, 359, 372 
“Bladder stones'^ in vitamin A de- 
fidency, 255 

Blindness resulting from, vitamin A 
deficiency, 254 


Blood, 142-150, 159, 163-164, 165-166 
calcium and phosphorus in rickets 
269, 270, 276-278 
color index, 145 
red cells, 143 
Blueberries, 359, 372 
Bluefish, 359, 372 

Body, elementary composition of, 109 
Body fat, distribution, 82 
functions, 82 

Body fuels, 13, 20, 22, 45; see also 
Energy 

Body heat conserved by body fat, 82 
Body temperature, regulation of 
67-68, 82 

Body weight and its control, 56, 74-89" 
increase of, 81-83 
reduction of, 56, 80-81, 83-85 
standard tables, 83 
wellbeing as influenced by, 81-82 
84-85 

Bologna, 359, 373 
Bomb calorimeter, 69 
Bone marrow, 143-144, 269 
"'Bone salt,’^ 110, 115, 129-131, 269- 
270 

Bones, 110, 268-270, 275-278, 281; 

see also Calcium, Rickets 
Boys, dietary recommendations for, 
392-394; see also Standards 
Brain work, effect on energy metab- 
olism, 74-75 

Bran, 161, 215, 232, 264, 359, 373 
Brazil nuts, 359, 373 
Bread, 11, 71, 120, 139, 216, 264, 
305-307, 322-324, 332-334, 359, 
373 

calcium content of, as influenced by 
increased use of milk in bread- 
making, 306 

flour, and wheat compared as to 
calcium and phosphorus <x>n- 
tents, 139 

fortification with vitamin, 306 
improvement by use of vitamin- 
rich yeast, 306 

Breadstuffs, 305-307, 322-324, 332- 
334 

Broccoli, 138, 139, 231, 232, 359, 373 
Brussels sprouts, 359, 373 
Buns, 360, 373 

Buoyant health, 9-10, 338, 339 
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Butter, 11, 20, 21, 71, 87, 233, 247, 
249, 264, 286, 353, 354, 360, 373, 
392, 393 

as one of twelve food groups, 392- 
395 

Buttermilk, 117, 360, 373 

Butyric acid, 20, 353 

Cabbage, 11, 138, 139, 158, 171, 189, 
190, 193, 195, 198, 216, 231, 360, 
373 

Calciferol, 274; see vitamin Da 

Calcification, 269-270, 275-278, 291- 
292 

Calcium, 109, 110, 113-114, 125-141, 
268-271, 296, 301,308, 310, 315, 
324, 325, 326, 330, 334, 371-385 
absorption of, 277, 278 
amount required in normal nutri- 
tion, 125-134, 135-136 
content of average American diet- 
ary, 325 

of dietary as influenced by milk 
consumption, 308, 310 
of foods, 137-140,371-385 
extent and significance of the mar- 
gin of optimal over minimal- 
adequate intake, 125-134 
in foods, 137-140, 371-385 
in growth and development, 131- 
134 

metabolism in pregnancy, 134, 136 
mobilization, 277 

retention in growth, 133-134, 277- 
279 

utilization, as affected by oxalic 
acid of food, 138-140 
as affected by vitamin D, 277- 
^ 279, 283 

Calorie, greater, definition, 53 
lesser, 53 

Calories, see Energy, also Foods 

Calorimeter, bomb, 69 
respiration, 56-61 

Calorimetry, direct and indirect com- 
pared, 59-61 

Ganesugar, 16, 17, 70, 71, 87; see also 
Sugar, Sweets 

Cantaloupe, 121, 198, 360, 373 

Carbohydrate(s), 15-20, 26 , 35, 42- 
44, 49, 70, 355, 358-370 
descriptive introduction to, 15-20 
determination in food analysis, 26 
energy value of, 70 


fate in the body, 35, 42-44, 49, 70, 
355 

Carbon, 108-109 
Cardiac region of stomach, 37 
Caries, dental, 292, 293, 294, 299-300; 
see also Tooth defects 
Marshall’s classification of causes, 
294 

relation to imperfect structure of 
teeth, 293, 299-300 
Carotene(s), 246, 251 
Carpentry, energy requirement of. 
76, 77, 78 

Carrots, 121, 158, 170, 195-196, 198, 
216, 231, 263 , 264, 265, 3^, 373 
Cartilage in development of bone, 268 
Casein, 93, 96, 98, 99, lOO 
Cashew nuts, 360, 373 
Catalysts (catalytic agents), 30; see 
also En 2 ymes, Hormones 
Cauliflower, 360, 374 
Celery, 36, 198, 300, 360, 374 
Cellulose, 18, 19-20 
Center of gravity of the problem of 
the relation of food to health and 
welfare, 347 

Cereals, 11, 21, 71, 87, 305-307, 322, 
358-385, 392-395 
Chances, statistical, 390 
Chard, 138, 264, 360, 374 
Check-list or ‘*checldng-<ard’' for 
daily dietaries, 11 

Cheese, 11, 71, 83, 87, 139, 158, 232, 
233, 236, 308, 315, 324, 326, 360, 
374 

calcium and phosphorus contents of 
Cheddar and cottage typies, 139 
‘‘Chemical control” through hor^ 
mones, 167 

“Chemical r^^ulation” of body tem-. 
perature, 68 

Cherries, 117, 360, 374, 3M 
Chestnuts, 3^, 374 
Chewing, 35 
Chicken, 216, 360, 374 
Children, dietary recommendatioasi 
for, 392-394; see also St an dards 
energy needs of, 85-86, 87 
planning of dietari^ for, 332-333 
see also Growth, and under Re- 
qmrements and “Standard” for 
individual ekmmts, facbCMrs, chT' 
nutrients 

Chlorides, 111-113, 114; see also Salt 
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Chlorine^ 109; see also Chlorides, Salt 
(table salt) 

Chcx:olate, 361, 374 

Chocolate wafers, 361 

Cholesterol, 273 

Chyme, 38, 39, 40 

Citric acid and citrates, 117, 386 

Citrin, 243 

Citrus fruits, 11, 193 , 230, 233 , 314; 
see also Grapefruit, Lemon, 
Orange 

Citrus fruits-and-tomatoes as one of 
twelve food groups, 394-395 
Clams, 361, 374 

Classification of foods into twelve 
groups, 323, 392-395 
Clotting of blood, 114-115, 288-289 
Coagulation of blood as related to 
vitamin K, 288-289 
Coagulation of milk in the stomach, 
311 

Coagulation-vitamin, (vitamin K), 
288-289 

Cobalt, 109, 115 
Cocoa, 361 , 375 
Coconut, 361, 375 
Cod, 361, 375 

Codliver oil, 11, 251, 263 , 264, 272, 
281-282 

Coeffici^t of variation, 388-389 
Cole slaw, 361, 375 
CoUards, 139, 236, 237, 361, 375 
Comparison of nutrients in average 
American dietary with amounts 
required for normal nutrition, 
325 

‘‘Complete’' proteins, 95, 99, 100 
Composition of the body, 109 
df foods, see under name of each 
Conjunctivitis, 253 
Consistency of fats, 21 
Constitution, 397 

Ccostitueits of foods, general, 13-15 
Consum^*s the chief influence in the 
nutritional improvement of the 
food supply, 342-352 
Omsumption of sugar in the United 
States, 17. 317, 318 
(tf various types of food, 305-318 
Cont^ts of stomach during digestion, 
38 

Contractions of stomach wall, 38 
Controls in animal experimentation, 
' 251 


Cookery, 21, 23 

Copper, 109, 111, 143, 157, 159-160 
330 

Corn, 19, 92, 100, 198, 361, 375 
Cornflakes, 361 
Cornmeal, 361, 375 
Corn sugar, see Glucose 
Corn syrup, 361, 375 
Cost of food, 319-337 
Costs of different types of foods in 
typical American dietaries, 324 
Course of the food through the diges- 
tive tract, 33-42, 50-51 
Crabmeat, 361, 375 
Crackers, 362, 376 
Cranberries, 117, 362, 376 
Cream, 233, 301 , 308, 326, 362, 376 
Cucumbers, 362, 376 
Curd, 14; see also Casein 
Curdling of milk, 14 
Currants, 117, 362, 376, 385 
Custard pie, 362, 376 
Cystine, 90, 97, 98 

Dancing as influencing food require- 
ment, 77 

Dandelion, 138, 264, 362, 376 
Data, statistical interpretation of, 
387-391 

Dates, dried, 362, 376 
Deaminization of amino acids, 92 
Definitions, general, 13 
D^ees of health, 9, 125-131, 186- 
188, 228, 260-263, 308, 326 
Dentine, 291, 292, 298 
Depletion of bodily stores of vitamin 
A, 250-251 

Dermatitis, acrodynia-like, 240 
Determination of proteins, fats, and 
carbohydrates in foods, 25-26 
Development, see Growth 
Dextrins, 18, 19, 35 
Dextrose, see Glucose 
Diagram illustrating effects of differ- 
ing bodily stores of vitamin A, 
257 

illustrating influence of food upon 
vitamin C content of blood, 
187 

illustrating relation of tempa:uture 
.and time to losses of vitamin 
C, 190 

illustrating relation of vitamin A 
intake to growth, 248 
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Diagpram — Continued 
of bone trabeculae as influenced by 
the calcium content of the 
food, 130 

of digestive tract, 33 
of stratification of food in the stom- 
ach, 38 

showing growth on diets containing 
different amounts of added 
table salt, 113 

Diet, planning of, in terms of twelve 
food groups, 392-395 
• Dietaries at four levels of cost, 333, 
334 

average or typical American, 30d- 
318, 325 

nutritionally good, fair, and poor 
all at the same cost, 343-344 
Dietary standards, 325-334; see also 
Requirements under Energy and 
under individual nutrients 
Difference between the merely ade- 
quate (minimal-adequate) and 
the optimal in nutrition, 8, 125- 
131, 186-188, 228, 260-263, 326, 
338-339 

Digestibility of fats, 21 
Digestion, 29-42 
Digestion-products, 30, 355 
as building-blocks, 30 
Disaccharides, 16-18 
Dishwashing, the work of, as influ- 
encing energy metabolism, 77 
Disinfection of swallowed food by gas- 
' trie juice, 39-40 

Distinction between errors (variations 
of observed data) and mistakes, 
390 

Distribution of food calories in the 
dietary, 23, 324, 332, 333 
^Distribution standards'* recom- 
mended by Rose, 332, 333 
Dog, use of, in studies of teeth, 293 
Dressing and undressing, work erf, 77 
Driving automobile, as influencing 
energy metabolism, 77 
Drugs, dangers of use for reduction of 
body weight, 80 

Duration of infection as influenced by 
vitamin A, 258-260, 266 

Eating, effect on energy metaberfism, 
62, 65-67 

Economics of food, 319-337 


Edestin, 99, 100 

Eg8:(s), 11, 87, lOO, 101, 121, 139, 
158, 159-160, 163, 194, 215,216, 
231, 232, 233, 236-237, 246, 264, 
274, 280, 281, 282,301, 313-314, 
323, 324, 329, 334, 362, 376, 392- 
395 

as one of twelve food grouts, 392- 
395 

as sources of calcium, 139, 314, 376 
as sources of iron, 158, 159-160,376 
as sources of phosphorus, 139, 314, 
376 

as sources of protein, 101, 314, 362 
as sources of riboflavin, 231-232, 
376 

as sources of thiamin, 215, 216, 
314, 376 

as sources of vitamin A, 263-264, 
314, 376 

as sources of vitamin D, 274, 282 
position of, in the food supjfly, 313 
white, 264, 362, 376 
yolk, 264, 362, 376 
Eggplant, 362, 376 
Electrolytes, 111 

Elementary compositiem of the body, 
109 

Elements, mineral, 5, 8, 15, 108-178, 
323, 371-385; see also under name 
of each 

amounts in the body, 109 
eleven or more essraitiai to normal 
nutrition, 109 
Endive, 138, 362, 376 
Energy, 13, 17, 22, 45, 49, 52-89, 173, 
324, 325, 358-370 
metabolism, effect erf food, 6S-d7 
^ect of n^ital aedvity, 74-75 
effect of muscular activity, 74-78 
in myxedema, 173 
in undemutrition, 66-47 
measurement of, 56, 57, 58, 59- 
61,62,63 

requmranent, 53, 59, 74-^ 
of infants and children, 85-86, 87 
of the elderly, 86, 88 
value erf average Am^rfcaa , 

325 

of foods, 69-72, 358-370 
erf kdiv^ual food^uffs, TO 
Envircuiment, internal, 9, 10, 55^ 

125431, 186-188, m, 260-26S, 
326, 399 
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Enzvmes, 30-33, 34, 35, 38, 40, 41, 
44,47,48, 91, 115,355 
Epinephrine, 91 , 398 
Erepsin, 355 
Ergosterol, 273-274 
Er>"throcytes, see Blood, red cells 
Escarole, 138, 264, 362, 376 
Exchange of material in body tissue, 
48 

Exercises, 11-12, 26-27, 50, 72, 88, 
106-107, 121, 140, 164-165, 177- 
178, 198-199, 223, 237-238, 243, 
265, 284, 289, 303, 318, 335-336, 
352 

‘^Existing American food habits’^ as a 
consideration in the formulation 
of Federal recommendations, 
392-393 

Expenditures for food, 319-337 
Experiments covering entire life cycles 
and successive generations, 7-8, 
126-129, 228, 260-261 
Experiment with schcK>l boys by 
Corry Mann, 249, 341 

“Factor 242 
“Factor \V,” 241 

Factors determining the nutritive 
values of proteins, 92-107 
Farina, 362 

Fat(s), 11, 14, 20-24, 26, 29 , 44-46, 
49, 70, 82, 194, 215, 233, 264, 
286, 311, 316,322, 323, 324, 332, 
333,353-354,355,358-370,392-395 
as nutritionally essential, 22 
cx)ntent of foods, 358-370 
digestibility of, 21 
emuisified form of , in milk and eggs , 
311 

enei^ value of, 70 
in food problems, 22-24 
iiitra-abdominai, 82 
subcutaneous, 82 

Fate of the foodstuffs in the body, 
29-51 

Fati^e, 54-55, 79, 82, 83 
Fat-like substances, 22 
Fats other than butter as one of 
twelve food groups, 392-395 
“Fattening” foods, 80, 84 
Fatty acids, 20-22, 240-241, 353-354, 
355 

listed individually, 353-354 
Feces, 42 


Feeding as influencing the composi- 
tion of milk, 160, 310, 311 
Fig(s),363, 377 
Fig bars, 363 
Filberts, 363 

Fish, 11, 193, 232, 233, 237, 264, 312, 
322; see also under individual 
names 

Fish-liver oils, 263, 264, 272, 274, 280 
Flounder, 363, 377 
Flour, 71, 158, 161, 216, 232, 264, 
363, 377 

Flours and cereals as one of twelve 
food groups, 392-395 
Fluctuations in composition of milk, 
310,311 
Fluorine, 301 

Food(s), calories and control of body 
weight, 79-85 

compared as sources of calcium, 
137-140, 371-385 
of iron, 157-162, 371-385 
of phosphorus, 137-140, 371-385 
of riboflavin, 230-232, 371-385 
of thiamin, 214-216, 371-385 
of vitamin A, 264, 371-385 
of vitamin C, 193-198, 371-385 
energy values of, 69-72, 358-370 
general concept of, 13-14 
nutritional characteristics of the 
different types, 305-318; see 
also under names of individual 
foods 

Foodstuffs, 14, 70; see also Food(s), 
Nutrients, Carbohydrates, Fats, 
Proteins 

Frankfort sausages, 363, 377 
Freedom in the choice of food, 344, 
350 

Frequency and duration of infection 
as influenced by vitamin A, 258- 
260, 266 

Freshmen, taller yet younger than 
those of thirty years ago, 3 
Fructose, 16, 355 

Fruit(s), 11, 16, 36, 39, 83, 86, 87, 
161-162, 193, 233, 235, 236-237, 
314-315, 323, 324, 329, 351, 371- 
385, 392-395 
juices, 11, 16, 39 
sugar, see Fructose 
Fruits-and- vegetables, 314-315 , 323, 
327, 330, 332, 333, 334, 358-*385, 
392-395 
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Fruits-and- vegetables — Continued 
as sources of calcium, 138-140, 314, 
371-385 

as sources of iron, 158, 161-162, 
163 , 314-315 , 371-385 
as sources of phosphorus, 138-140, 
314-315, 371-385 

as sources of riboflavin, 230-231, 
314-315, 371-385 

as sources of thiamin, 215-217, 314- 
315, 371-385 

as sources of vitamin A value, 264, 
314-315, 371-385 

as sources of vitamin C, 195-198, 
314-315, 371-385 

change of status from supposed lux- 
uries to recognition as good in- 
vestriients, 314 
Fudge, 363, 377 

Fuel values of foods, 69-72, 358-370 
Full-life and successive-generation ex- 
periments in nutritional research, 
7-8, 126-129, 228, 260-261 
Functions of amino acids, 96 
of fat, 46, 82 
of food, general, 13 
of the mineral elements, IIQ; see 
also under the name of each 
of the stomach, 39-40 
see also the discussion of each nu- 
trient 

Fundus, 37, 38 
Galactose, 16, 355 

Gasolene-engine analogy of body, 57- 
58 

Gelatin, 92, 363 
Gingerale, 363 

Girls, dietary recommendations for, 
392-394; see also Standards 
Glands, endocrine, 167 
salivary, 35, 355 
of internal secretion, 167 
Gliadin, 93 

Glucose, 16, 42-43, 49, 355 
in the blood, 42-43, 49 
Glutathione, 91 
Glyceride, 20, 353 
Glycerol, 20, 29-30, 44, 355 
Glycine, 90, 94 
Glycogen, 18, 42-44, 49, 81 
Goiter, 167-178 
early history, 167-168 
experimental production, 171 
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geographic distribution, 169 
other causes than iodine deficiency 
172 

prevention by iodide, 170-173 
Gooseberries, 363, 377 
Grains and grain products, 100, 101, 
160-161, 163, 193. 215, 216, 233, 
263-264 , 286, 305-307 , 322, 324; 
see also name of each 
Granules of starches, 18, 19 
Grapefruit, 117, 197, 198, 3(K)-301, 
363, 377 , 386 

as source of vitamin C, 314 
Gra^(s), 363, 377 
juice, 363, 377 
sugar, see Glucose 
‘‘Grass juice” factor, 243 
Groups of foods, 392-395 
Growth (and development), 3, 85-86, 
87, 92-101, 113, 131-134, 209- 
210/ 228, 247, 248, 249, 250-252, 
278 

as indicated by height and age at 
college entrance, 3 
as influenced by calcium content of 
food, 131-134 

by individual amino acids, 92-97 
by iodine deficiency, 174, 175 
by proteins of food, 92-94, 97-101 
by riboflavin, 228 
by thiamin, 209-210 
by vitamin A, 247, 248, 249, 250- 
252 

by vitamins D, 278 
by whole wheat versus white 
bread, 161 
Guavas, 377 

Guidance, nutritional, in food eco- 
nomics, 319-337 
Gums, 291, 295, 297, 298 

Haddock, 363, 377 

Halibut, 363, 377 

Halibut liver oil, 281 

Ham, 364, 377 

Hazelnuts, 364, 377 

Health as a positive quality of life, 

6, 9-lG, 125-131, 18^188, 228, 
260-263, 308, 338-339 
Heart, work of, 52, 80 
Heme^opia (night blindne^) as in- 
fluanc^ by vitamin A, 254 
Hemicelluk)se(s) , 18, 

Hemoglobin, 91,111,1 42-1 50, 155-156 
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Heredity and nutrition as factors in 
health and accomplishment, 319, 
320, 339; see also Constitution 
Herring, 364, 377 
Histidine, 91 

Histology of vitamin A deficiency, 
254-255 

of rickets, 269-270, 275-276 
Hominy, 3^, 378 
Honey, 16, 364, 378 
Hormones, 34, 91, 167, 171, 173; see 
also Adrenaline, Secretin, Thy- 
roxine 

Horseback riding, 77 
How food nourishes the body, general, 
13 

Huckleberries, 364, 378 
Hundred-Calorie portions, 71-72 
Hundred-gram portions, 358-370 
Hunger, 23 
Hydrogen, 108, 109 
Hypochromic anemia, 148, 149-150 
Hypoplasia of teeth, 292, 293; see also 
Tooth defects 

Ice cream, 232, 233, 301, 308, 315, 
326, 364, 378 

Improvement of already-adequate 
diet, 6-10, 125-131, 186-188, 228, 
249, 260-263, 326 

Impffovement of nutrition both an 
economic and an educational 
problem, 339-340 

Improvement of physique of collie 
students, 3 

Incomes in the United States, 320 
Indispensability of fat (or fatty acid), 
45 

Indispensable amino acids, 25 , 90-97 
Infection, as cause of goiter, 172 
as influenced by vitamin A defi- 
ciency, 258-260, 266 
Inferiority attributed to racial factors 
may be due to food supply, 9-10 
Inharitance may be biological or so- 
cial, 3 

IncKganic foodstuffs, 108; and see 
Min«^I elements 

Institutional studies of tooth defects, 
2SN-295 

Interdiangeability of fat and carbo- 
hydrate, 45, 49 

Inteniiang^bility of meat and milk 
production, 351 


Interglobular spaces, 292 
Internal environment, 9, 10, 55, 125- 
131, 186-188, 228, 260-263, 326, 
399 

International unit of thiamin, 213 
of vitamin A, 251 
of vitamin C, 189 
of vitamin D, 279-280 
Interpretation, statistical, 387-391 
Interrelations of heredity, physical 
training, and nutrition, 339 
Intestine, 33, 40-42 
Invertase, 355 
Iodine, 109, 111, 167-178 
in foods, 170-171, 175-176 
in soils and waters, 169-170 
requirement, 173-175 
“Iodized salt,” 177-178 
Ions, 111 

Iron, 109, 110-111, 142-166, 315,324, 
325, 330, 345, 371-385 
content of average American diet- 
ary, 325 

in dietary, contributions of differ- 
ent types of food, 162-163 
(and copper) in foods, 157-164, 371- 
385 

in eggs, 159-160, 376 
in fruits and vegetables, 161-162, 
371-385 

in grain products, 160-161, 372- 
385 

in meats, 157-159, 372-384 
in milk, 160, 379 
in hemoglobin, 142 
of foods, probably exaggerated im- 
pressions as to differences in 
availability, 163-164 
relative concentration in the blood, 
142 

requirements in normal nutrition, 
150-156 

of adults, 150-155, 156 
of children, 155-156 
Ironing, work of, as influencing food 
requirement, 77 

Irradiated (activated) ergosterol, 274, 
280 

Irradiated foods, 272, 274, 280 
Irradiated milk, 274, 282-283 
Irradiated yeast, 274, 282 
Irradiation, 271, 272, 273, 274, 280- 
281, 282-283 
Isoleucine, 91 
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Judgment aided by statistical inter- 
pretation of data, 387-391 
Juice, gastric, 37, 38 
intestinal, 40 
pancreatic, 40 

Kale, 138, 139, 158, 230, 231, 232, 
236, 237, 264, 364, 378 
Keratinization of epithelium in vita- 
min A deficiency, 254 
Keratomalacia caused by vitamin A 
deficiency, 253 

Kidney, lOO, 159, 215, 216, 231, 264, 
364, 378 

Kilogram-calorie (kilo-calorie), defini- 
tion, 53 

Knitting as influencing food require- 
ment, 77 

Knowledge of nutrition, how made 
effective, 338-347, 350-352 
Kohlrabi, 364, 378 

Lactalbumin, 99, 100 
Lactase, 355 
Lactic acid, 43, 117 
Lactoflavin, see Riboflavin 
Lactose, Id, 17, 355 
Lamb, 158, 159, 216, 364, 378 
Lambsquarters, 264 
Lard, 21, 22, 272,364 
“Lard substitute,” 21, 22 
Laundry work as influencing food re* 
quirement, 77 

League of Nations’ nutritional activi- 
ties, 341-342 

Lean meat, poultry, and fish as one 
of twelve food groups, 392-395 
Leaves as sources of calcium, 138-140 
Lecithins, 22 
Leeks, 139, 365 , 378 
L^umes, 195, 233; see under name of 
each 

L^^mes (mature) and nuts as one of 
twelve food g^roups, 392-395 
Lemons, 117, 198, 365, 378, 386 . 
Lentils, 365, 378 

Lettuce, 138, 139, 195, 198, 231, 265, 
365, 378 
Leucine, 91 

Levels of health, 9, 125-131, 186-188, 
228, 260-263, 308, 326 
Levulose, see Fructose 
likelihoad of significance, statistical 
evaluation of, 389-391 


“Line test,” 279-280 
Linoleic acid, 22, 354 
Linolenic acid, 22, 354 
Lipases, 32, 44, 355 
Lipids (Lipins), 22 
Lipoids, 22 

Liver, 42, 44, 100, 148-149, 159, 215, 
216, 231, 235, 237, 246, 247, 254, 
263, 264, 282, 365, 378 
Lobster, 365, 378 

Local factor in rickets, 269, 276, 277 
Loganberries, 117, 365 , 379, 386 
Lumen, 41 

Lung, as influenced by vitamin A, 256 

Lymph, 44 

Lysine, 91, 93, 94, 99 

Macaroni, 365, 379 
Macaroons, 365, 379 
Mackerel, 365 , 379 
Magnesium, 109, 113-114 
Maintenance requirement, 101; see 
also discussions of the body’s re- 
quirements for different nutrient 
factors 

Maize, 92; see also Com 
Malic add and malates, 116, 386 
Maltase, 355 

Maltose (malt sugar), 16, 18, 355 
Manganese, 109, 115, 330 
Mangoes, 379 
Maple syrup, 365, 379 
Margarines, 21, 366, 380 
Mayonnaise, 3^, 379 
Meat(s), 11, 39, 71, 87, 139, 157-159, 
163, 193, 194, 214-216, 231-232, 
233, 236, 237, 263, 264, 286, 312- 
313, 322, 323, 324; see abo name 
of each kind 

as sources of amino adds, 312 
as sources of iron, 157-159 
as sources of nicotinic add, 312 
as sources d phc^horus, 313, 372- 
384 

as sources of protan, 312, 322, 358- 
370 

as sources of riboflavm, 312, 372- 
384 

as sourer of thiamin, 312, 372-384 
economic place in the food 
312 

jMTC^dn, 92 

traditional place m tihe food 
ply, 312 
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Meat-and-fish, 324, 327 
IM echanism of digestion, 33-42, 50-51 
iMen, dietary recommendations for, 
392-393, 395; see also Standards 
iMental activity, as affecting energy 
metabolism, 73-75 

■Mental alertness, as affected by thy- 
roxine, 173-174 

jMetabolism, general, 29, 42-50; see 
also discussions of Energy and of 
individual food factors 
“Metabolized” vitamin D milk, 274, 
282-283 

Metal working, energy requirement 
of, 77 

Methionine, 91, 97 
Milk, 11, 14-15, 17, 21, 71, 83, 86, 87, 
100, 101, 139, 158, 160-161, 163, 
170, 193, 198, 216, 230, 231, 233, 
236-237, 246, 249, 264, 280, 286, 
294, 301, 307-312, 323, 324, 326, 
329, 332, 333,334, 365, 375, 392- 
395 

and limew'ater compared, 308 
as source of calcium, 139, 307-312, 
375 

as source of iron, 158, 160, 310, 375 
as source of phosphorus, 139,310 
ats source of protein, 100-101, 309, 
365 

as source of riboflavin ,231, 232 ,375 
as source of thiamin, 215, 216, 375 
as source of vitamin A, 263-264, 
307, 311, 375 

as source of vitamin C, 193-194, 
198, 309, 310 , 311,375 
as source of vitamin D, 282-283 
equivalents in different forms, 334 
evajKsrated, 334, 365, 375 
fluid whole, 334, 365, 375 
in hreakmaking, 306 
physical properties as affecting 
digestibility and nutritive 
value, 311, 312 
sMmmed, 334, 365, 379 
Milk-and-cheese , 324, 327 
Milk and its products (other than but- 
ter) as one of twelve food groups, 
392-395 

Milk sugar, 15, 17 

Milling, effect of, on nutritive values 
of grain i»xxlucts, 306, 307 
Mince pie, 366 

“Minerals/* see Mineral elements 


Mineral elements, 5, 8, 15, 108-178, 
323, 371-385; see also under name 
of each 

amounts in the body, 109 
eleven or more essential to normal 
nutrition, 109 
in milk, 310 

Modes of functioning of the mineral 
elements, 110; see also under 
name of each 
Molasses, 366, 379 
Monosaccharides, 16, 29 
Mottled enamel, 301 
Mouth. 35, 36, 183-184, 291-304 
Mucosa, 42, 355 
Muffins, 366, 379 

Muscle, 110, 113-114, 256, 263, 264, 
278 

as competing with bone for phos- 
phorus, 278 
see also Meats 

Muscles versus glandular organs in 
the meat supply, 313 
Musculature as influenced by nutri- 
tion, 247, 252-253 
Mushrooms, 379 
Muskmelon, 366, 379 
Mustard greens, 264, 366, 380 
Mutton, 366, 380 
Myxedema, 173-174, 175 

“Nature and Nurture,” 9, 339 
Nectarines, 366, 380 
“Negative control” experimental ani- 
mals, 251 

Nerve, 110, 113-114 
Neuritis, multiple peripheral, see 
Beriberi 

New York Association for Improving 
the Condition of the Poor, 323, 
328 

Nicotinic acid, 232-235, 330 
Nightblindness, 253-254, 262, 265-266 
Nitrogen, 108, 109; see also Protein 
Nitrogen balance experiments, 101- 
103 

Nomenclature of enzymes, 32 
^^Nurture can assist Nature to a laiger 
extent than Science has hitherto 
thought,” 9, 339 
Nutrient, definition of, 13 
Nutrients, 13-28, and under the name 
of each 
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Nutrition as a matter of governmental 
policy in Great Britain, 340-342 
'‘Nutrition policy,'’ 339-346 
“Nutritionally complete” proteins, 99 
“Nutritionally essential” (“indispens- 
able”) amino acids, 91, 94-97 
Nutritionally essential unsaturated 
fatty acids, 22, 240-241 
“Nutritionally incomplete” proteins, 
94, 99 

Nuts, 233, 315-316, 324, 358-384 
as source of protein, 315, 324, 358- 
370 

as source of thiamin, 315, 371-384 

Oats and oatmeal, 120, 139, 158, 170, 
216, 366, 380 
Obesity, see Overweight 
Oil, arachis (peanut), 21 
coconut, 21, 353, 354 
corn (maize), 21, 22 
cottonseed, 21, 22, 361 
mustardseed, 354 
of marine animals, 354 
olive, 21, 366, 380 
palm, 21, 354 
palm kernel, 21 
pecan, 22 
rapeseed, 354 
sesame, 21 
soybean, 21 
Okra, 366, 380 

Old age, energy need in, 86, 88 
Oleic acid, 20, 354 
Oleomargarine, 366, 380 
Olives, 366, 380 
Onion, 195, 366, 380 
Optimal as distinguished from merely 
adequate nutrition, 5-8, 125-131, 
186-188 , 228 , 260-263, 326 
Orange(s), 72, 117, 121, 139, 158, 
187, 197, 198, 216, 231, 298, 
300-301, 314, 366, 380, 386 
as source of vitamin C, 314 
Organization, United States Phar- 
macopoeia, 213, 251, 279-280 
Ossification, see Calcification 
Ovalbumin, 99 
Overweight, 79-81, 83 
Ovovitellin, 99 
Oxygen, 108-109 

Oxygen consumption of body, 59, 60 
Oystans, 120, 3^, 380 
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Painting, the work of, as influencing 
food requirement, 7 7 
Palmitic acid, 20, 354 
Pancreas, 33, 34, 91, 355 
Pancreatic amylase, 32, 355 
Pancreatic duct, 33 
“Pangs” of hunger, 23 
Pantothenic acid, 241 
Papayas, 366, 380 
Parsnips, 367, 380 
“Partially incomplete” proteins, 99 
Pathology of vitamin A deficiency, 
253-256 

of vitamin D deficiency (rickets), 
269-279 

Peaches, 117, 198, 367, 380, 386 
Peanut meal, 236 

Peanuts and peanut butter, 215, 216, 
315,316, 367,381 
Pears, 117, 121, 198, 367,381, 386 
Peas, 11, 158, 198, 216, 264, 367, 381 
Pecans, 367, 381 
Pellagra, 232-237 
references, 238-239 
relation of food to, 232-239 
Pelvis, malformations of, due to 
rickets, 270 
Peppers, 195, 367, 381 
Pepsin, 30, 32, 355 
Peptones, 24, 355 
Percomorph oil, 281 
Peristalsis, 41 
Persimmons, 367, 381 
Phenylalanine, 91 

Phosphorus, 109, 110, 123-141, 268, 
269, 270-271, 277, 278, 296, 301, 
315,324, 325, 371-385 
absorption of, 277, 278 
competition of muscd^ and bones 
for, in growth, 278 
content of average Ammcan diet- 
ary, 325 

defidency in certain r^kns, 123- 
124 

in foods, 137-139, 371-385 
in growth and development , 13 1- 134 
occurreime and functions, 123-124 
j^obl^m in human nutrition, 124 
requirements in nutrition, 124 
"Thydcal regulatkm” of body tem- 
poature, 6S 

i^y^cal training rmekr^ nwHe 

tive by supedkr autritmnal wdB- 
being, 339 
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'‘Physiological economy in nutri- 
tion,” 103-104 
Pickles, 117 

Pineapple, 117, 367, 381, 386 
Planning of diets in terms of twelve 
food groups, 392-395 
Plasticity of cooking-fats, 21 
Plums, 117, 198, 367, 381, 386 
Polypeptides, 92, 355 
Polysaccharides, 18-20, 29 
Pork, 158, 159, 214-215, 216, 231, 
236, 368, 381-382 
Potassium, 109, 112, 113-114 
Potato, 11, 16, 18, 19, 72, 121, 138, 
139, 158, 170, 189, 193, 198, 216, 
264, 368, 382 

Potatoes-and-sweet potatoes as one of 
twelve food groups, 392-395 
Precision measure, 387-391 
Precursors of vitamin A, 246 
"Preservation of the characteristics of 
youth," 199, 310 

Probable error, calculation of, 387- 
391 

e x ample of use in comparing vita- 
min C values of fo^s, 197-199 
Prominence of different types of food 
in average American dietary, 
324-325 

Promotion of better nutrition through 
Federal, State, and Red Cross 
activities in the United States, 
342-343 

Proteases, 32, 355 
Protection afforded by body fat, 82 
“IVotective foods,” 83, 84, 86, 295, 
302-303, 315, 326-334 
Plx>tein(s), 14, 24-25, 26, 30 , 47-48, 
49, 90-107, 324, 325, 355, 358- 
370 

aiimunt of , estimated from quanti- 
tative det^mination of nitro- 
gen, 102 

aii:K>unts needed in nutrition, 101- 
107 

as factors in add-base balance, 118- 
120 

clasrification of as "complete," 

* ‘p^ially incomplete," and 
‘‘incomplete,” 99 

ocHitent d average American diet- 
ary, 325 

aneigy value <ff, 70 


mixture of a wheat-and-milk diet- 
ary, nutritional efficiency of 
105 

nutritive values of, 97-101 
requirement figured as a percentage 
of the total food-calorie need 
103 

requirement theories of Chittenden 
and Folin, 1 02- 104 
requirements, as influenced by 
choice of food, 104-106 
of men and women compared, 102 
"specific dynamic effect” of, 65-66 
"standard” allowances of, 103-104 
supplementary ' relationships 
among, 100-101, 104-106 
Proteoses, 24, 355 
Prothrombin, 288-289 
Provitamins A, 246 
Provitamins D, 272, 273-274 
Prunes, 72, 158, 368, 382 
Ptyalin, 35, 355 

Pulp (of tooth), 291, 292, 297-298 
Pumpkin(s), 368, 382 
pie, 382 

Pyloric region of stomach, 37, 38 
Pylorus, 33, 37, 38 
Pyorrhea, 298 

Pyridoxine (vitamin Be), 241 

Quinces, 117, 386 
Quinic acid, 117 

"Rachitic rosary," 270 
Rachitis, see Rickets 
"Racial factor” in basal metabolism, 
63-64 

Radishes, 198, 368, 382 
Raisins, 368, 382 

Randdity of fats in relation to -vita- 
min E, 286 

Raspberries, 117, 368, 382, 386 
Reading aloud as affecting energy 
metabolism, 77 

Readjustments of family budgets in 
the light of nutritional knowl- 
edge, 321-330 

Reality of differences, statistical 
evaluation of, 389-391 
Recommendation of the nutrition 
conference of the British Medical 
Association, 342 
Redudng diets, 80-81, 83-85 
Reduction of body weight , 80-81 , 83-85 
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Saccharose, 17; see also Sucrose, 
Sugar, and Sweets 


Reference materials in the determina- 
tion of vitamin values, 251, 279 
References, see Suggested readings 
Regions of the stomach, 37, 38, 39 
Regularity of intestinal action, 20 
Regulation in the body, 110; see also 
Glands, endocrine, and “Wisdom 
of the body” 

Regulatory functions, 13, 110 
Regulatory processes and substances, 
13, 110 

Reproduction as influenced by vita- 
min A, 260 

by vitamin E, 286-287 
Reserve alkalinity, 119-122 
Respiration apparatus (for measuring 
gaseous exchange), 56, 57, 58, 
59,60,61,62,63 

Respiration calorimeter, 56, 57, 58, 
59-61 

Respiratory exchange, 59-61 
Respiratory system as influenced by 
vitamin A, 254 
Rhubarb, 386, 382 
Riboflavin, 226-239, 315, 326, 330 
distribution in the body and in 
foods, 227 

foods as sources of, 230-232 371- 
385 

references, 238-239 
requirements and standards in nu- 
trition, '229 

Rice, 120, 158, 216, 305, 368, 382 
Rickets, 268-285, 293, 299-300 
clinical, wide range of severity of 
conditions so designated, 275, 
277-278 

experimental, 271-272, 279, 293 
geographical distribution, 271 
incidence of, 272-273 
“low-calcium,” 276 
“low-phosphorus,” 276, 277-278 
nature of, 269-270, 275-279 
relation to teeth, 293, 299-300 
“Right kinds” of food, 319 
Rowing, the work of, as influencing 
food requirement, 77 
Rules for computation of probable 
error and coefficient of variation, 
388, 389 

Running, the work of, as influencing 
food requirement, 77 
Rutabaga(s), 368, 382 
leaves, 139 


SaHva, 35, 39, 355 
Salmon, 236, 368, 382 
Salmon oil, 281-282 
Salt (table salt), 112-113, 114 
Sardines, 368, 382 
Saturated fatty acids, 353-354 
Sauerkraut, 117, 368, 382 
Sawing, the work of, as influencing 
food requirement, 77 
Scallops, 368, 383 

Score cards” can not be expected to 
reflect recent knowledge fully, 12 
Scurvy, 179-185, 297-298 
Seafoods, 175 

Sebaceous secretion, as containing 
provitamin D, 272 
Secretin, 91 

Sewing, the work of, as influencing 
food requirement, 77 
Sex difference in l^sal metabolism, 64 
Shad, 368, 383 
Shad roe, 369, 383 

Shivering in regulation of body tem- 
perature, 68 

Shredded wheat, 369, 383 
Shrimps, 369, 383 

Significance of data, statistical evalu- 
ation of, 387-391 

Singing, effect on energy metabolism, 
77 

Sitting, energy metabolism during, 77 
Skeleton as influenced by nutrition, 
252-253, 268-285 
SHn, 252-253, 272, 274, 280, 281 
as influenced by nutrition, 252-253 
Sleepmg, enagy metabolian durkg, 
76, 77 

Smelts, 369, 383 
Sodium, 109, 112-114 
“Soft curd milk,” 311 
Soup, 11, 39 

“Specific dynamic action^’ d food- 
stuffs, 65-66 

Spinach, 138-140, 158, 195, 216, 2^, 
231, 232, 264, 369, 383 
Squab, 383 
Squash, 265, 369, 383 
pie, 369 

Stair-dimbing, wc»-k of, 77 
Standard' deviation, 388-3^ 

Standards, dietary, 325-334 
for iron, 156 
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St^r^d&vds— Continued 

for phosphorus, 124, 135, 136 
for protein, 103-105 
for vitamin A, 261-262 
for vitamin C, 186-188 
Standing-, energy requirement of, 77 
Starches, 15, 18-19, 29, 35, 70, 355 
Starch sugar, see Glucose 
Statistical methods, 387-391 
interpretation, 387-391 
Stearic acid, 20, 354 
Stearin, 354 

Sterols, 22, 273-274, 280 
Stomach, 33, 36-40, 91 
Storage of fat in the body, 46, 49 
of vdtamin A in the body, 250, 255- 
258, 266 

see also the discussions of individual 
nutrients 

Stra^v'berries, 1 17, 198, 369, 383 , 386 
Sturgeon, 369, 383 
Smcchs enterictis, 40 
Sucrase, 355 

Sucrose, 16, 17, 355; see also Sugar 
and Sweets 
Suet, 21 

SugarCs), 15-18, 29, 233, 294, 302- 
303,316-318, 322, 324, 369, 383 
Sugars as one of twelve food groups, 
392-395 

Sugar consumption, 17 
Suggested readings, 12, 28, 50-51 , 72- 
73,88-89, 107, 121-122, 140-141, 
165-166, 178, 199-202, 223-225, 
238-239, 244-245, 265-267, 284- 
285, 2SK), 303-304, 318, 336-337, 
352 

Sulfur, 108, 109, 115, 118, 119 
Sunlight in relation to rickets, 271, 
272,280-281 

“Snrfacce-area relationship” (metab- 
olism as proportional to body- 
surface), 64, 76, 85 
Swallowing, 35 

Sweeping, energy expenditure in, 77 
Sweetpotatoes, 193, 233, 263, 264, 
265, 369, 383 

Sweets, 11, 17, 194 , 215 , 232 , 316- 
318,322,324 

Swimming, energy expenditure in, 77 

Tangerines, 369, 383 

Tapioca , 369, 383 

Tartaric acid and tartrates, 116 


Teaching of nutrition in schools and 
colleges and by social welfare 
agencies, 343 
Teeth, 110, 291-303 
relation of calcium and phosphorus 
296, 302 

relation of general health, 295 
relation of vitamin A, 296-297, 302 
relation of vitamin C, 297-298, 302 
relation of vitamin D, 298-300, 302 
Tendergreen, 139 
Tension, muscular, 52 * 

Terminology of enzymes, 32 
Texture of breadstuffs, 307 
Thiamin, 203-225, 315, 330, 334 
345,371-385 

causes and prevention of dietary 
shortage, 219-223 
contents of foods, 214-217, 371-385 
designated “water-soluble B” by 
McCollum, 208 

discovery and chemical identifica- 
tion, 203-208 
International unit, 213 
losses in cookery, 218-219 
measures of, 212-213 
metabolism of, 211-212 
nutritional functions of, 209-212 
relation to appetite, 209-211 
relation to carbohydrate, lactic 
acid, and pyruvic acid metab- 
olism, 211 

relation to growth, 209-210 
requirements in nutrition, 213-214 
stability of, in storage and prepara- 
tion of foods, 217-219 
U.S.P. unit, 213 
Threonine, 91, 96 
Thyroglobulin , 171, 175 
Thyroid, 67, 80, 167,178 
Thyroxine, 80, 168-169, 171, 173-175 
Tissues, 110 

building of, 30, 46, 47-48, 49 
Tocopherol , see Vitamin E 
Tomato, 11, 117, 121, 158, 190-192, 
193, 197, 198, 216 , 231, 236-237, 
314, 369,384, 386 
as source of vitamin C, 314 
Tomatoes-and-citrus fruits as one cf 
twelve food groups, 392-395 
Tone, muscle, 52, 401 
Tongue, 369, 384 
Tonus, 52 , 401 
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Tooth decay, see Caries 
Tooth defects, evidence food is factor, 
294-295, 302 

Marshall’s classification of causes, 
294 

relation to calcium and phosphorus, 
296, 302 

relation to general health, 295 
relation to vitamin A, 296-297, 302 
relation to vitamin C, 297-298, 302 
relation to vitamin D, 298-300, 302 
Tooth, imperfect formation of, 292, 
293; see also Tooth defects 
structure of, 291-292 
Trabeculae as influenced by the cal- 
cium content of the food, 129-130 
Treatment, statistical, of data of nu- 
trition investigations, 387-39.1 
Triglycerides, 20, 353; see also Fats 
Trout, 369, 384 

Trustworthiness of data, statistical 
measurement of, 388-391 
Trypsin, 31, 355 
Tryptophane, 91, 93, 94 
Tuna fish, 369, 384 
Turkey, 369, 384 

Tumip(s), 158, 196, 198, 231, 370, 
384 

greens, 138, 139, 195, 236,237, 264, 
370, 384 

* ‘Twelve food groups,” 392-395 
Types of food, 305-318, 322-336, 392- 
395 

Typewriting, the work of, as influ- 
encing food requirement, 77 

Ultraviolet light, 271, 272, 273, 274, 
280-281 

Undemutrition, effect on energy me- 
tabolism, 66-67 
Underweight, 81-83 
United States Pharmacopeia (U.S.PO 1 
213, 251, 279-280 
Unsaturated fatty adds, 22, 354 
Upkeep of body tissue, 13 

Validity of experimental findings, 
387-391 
Valine, 91 

Values of proteins in nutriticHi, howr 
determined, 97-101 
Variability, experimental and 
logical, 387-390 


Variability of calcium and phosphorus 
contents of foods, 137-138 
Variations in composition of milk, 
310, 311 

Veal, 159, 370, 384 
Vegetables, 11, 16, 87, 160-161, 193, 
233 , 235 , 286, 300-301, 314-315, 
323,324 , 329 , 351, 358-385; see 
also under name of each 
Vegetables, “leafy, green, and yellow” 
as one of twelve food groups, 
392-395 
Villi, 41 

Vinegar, 117, 384 
“Viosterol,” 274, 281, 283 
Vision as influenced by vitamin A, 
254, 262, 265-266 

Vitamins, 3-6, 14, 15, 182, 310-311, 
323; see also individual vitamins 
Vitamin A, 246-266, 272, 281, 282, 
296-297, 301, 311-315, 326, 330, 
334, 371-385 

experimental variations of concen- 
tration in milk, 311 
requirements in human nutrition, 
261-263, 266 

storage in the body, 250, 255-258, 

, 266 
value, 315 

values of foods, 246, 248, 250-252, 
263-265, 371-385 
Vitamin B (Bi), see Thiamin 
Vitamin Ba, 241-242 
Vitamin Ba, 241-242 
Vitamin Bs, 241-242 
Vitamin Bs (pyridoxine), 240-241, 
244-245 

Vitamin C, 181-202, 297-298, mi, 
302, 31 1 , 315, 326, 330, 334, 335, 
371-385 

complexity of conditions wiiidi in- 
fluence its rate of d^tnmtkm, 
189-192 

conservation of in the prefmatioa 
and jH^^rvation d foods, 189- 
193 

cont^t blood as influenced by 
intake and other fattens, 1^ 
187 

contents of typical fexxk, 193-202, 
371-385 

contributiems diffOTufe types d 
foods in the typfel d&tsry, 
193-197 
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Vitamin C — Continued 

destructive effect of alkali upon, 
191 

dietary standards, 186-188 
experimental variations of con- 
centration in milk, 311 
expression of values, 188-189 
injBuence of acidity upon its con- 
servation, 190 

in maintenance of intercellular 
cement substances of tissues, 
183-184 

losses due to solubility, 192-193 
metabolism and requirement, 185- 
188 

references, 199-202 
relation to resistance to bacterial 
toxins, 185 

relation to teeth, 297-298, 302 
significance of, 183-188 
V^tamin(s) D, 268-285, 298-300, 301, 
302 

assay, 279-280 
discovery of, 270-272 
multiple nature of, 273-274 
nutritional function, 275-279 
relation to teeth, 298-300, 302 
relative effectiveness of different 
forms, 274, 275, 283 
requirements, 283 
unit, U^. Pharmacopeia, 279-280 
International, 280 
Vit amin D* (calciferol), 274, 280 
Viltamin D», 274, 280 
“Vitamin D milk,” 274, 282-283 
Vitainiii(s) E, 286-287 
Vitamin F, 28S 
Vitamin G, see Riboflavin 
Vitamin H, 242 
Vitamiii(s) K, 288-289 
Vitamins Li and Ls, 242 
Vitamin M, 242, 244 
Vitamin F, 243 


Walking, the work of, as influencing 
food requirement, 60, 77 
Walnuts, 370, 384 
Water balance, 79, 80, 81, 111-112 
Watercress, 138, 195, 249, 370, 384 
Watermelon, 121, 198, 370, 385 
Weight, body, standard tables, 83 
Weight changes, 79-85 
Wheat, 19, 120, 158, 160-161, 170 
216, 230, 231, 232, 264, 370, 385 
Wheat germ, 160-161, 215, 231, 232 
236, 385 
oil, 286, 287 
White sauce, 370 
Wine, 385 

“Wisdom of the body,” Cannon’s 
concept, 107, 111, 112 
Women, dietary recommendations 
for, 392-393, 395; see also Stand- 
ards 

Work, external, 60, 61 
internal, 52 
mental, 54 

muscular, relation to protein re- 
quirements and allowances, 

^ 104-105 

various forms, energy requirement 
of, 77 

Xerophthalmia, 253-254 
X-ray studies of rickets, 273 

Yeast, 235, 384 

of high vitamin content, 306 
Yeast foods’’ used in bread-makinjir 
139 

Zein, 92, 93, 94 
2Snc, 109 

Zones of desirable margin above the 
needs of minimal adequacy, 8, 
125-131, 186-188, 228, 260-263, 
326 

Zwieback, 370 




